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l. INTRODUCTION 


Yellow lupine was cultivated as an arable crop not before 1840; mainly for green 
manure, partly for animal feeding. When it appeared, however, that it contained 
poisonous alkaloids, the use of lupine for feeding decreased considerably. 

In 1928, VON SENGBUSCH found some plants with a very low alkaloid content. This 
discovery established the basis for the development of sweet lupine. No attention had 
been given to the breeding before that year. Since then the discovery of VON SENG- 
BUSCH marked the beginning of an extensive research into many other characteristics 
aiming at the improvement of this legume. The principal properties will be discussed 
here. 


2. FREEDOM FROM ALKALOIDS 


Several workers have paid attention to the breeding of alkaloid-free varieties. In 
1927, VON SENGBUSCH (13) began his research following BAUR’S opinion that such 
types would exist, on the basis of the homologous series of VAviLov (16). After 
testing some 750,000 plants, VON SENGBUSCH found 3 virtually alkaloid-free plants. 
The lines derived from these plants were called line 8, 80 and 102. 

HACKBARTH and VON SENGBUSCH (3) made crosses and it proved that the F, of 
crosses between each of these lines and bitter lupines produced bitter plants. The F, 
always segregated in the ratio 3 bitter : 1 sweet. The crosses 8x80, 8x102 and 80 Xx 
102 likewise produced a bitter F,; the F‚ segregated in a ratio 9 bitter: 7 sweet. This 
led to the conclusion that in each of the lines the freedom from alkaloids is determined 
by an other recessive gene. These genes were called dulcis, amoenus and liber, respec- 
tively. 

Tie three lines still contain traces of alkaloids. An attempt is being made to find 
types with a still lower alkaloid content than in line 102, using the method of KrA- 
WITTER and VON SENGBUSCH (6). It is expected that the combinations aadd, aall 
and ddll, to be obtained by crossing, will contain so few alkaloids that they are 
suitable for human consumption. 

Apart from the lines found by VON SENGBUSCH, IVANOv et al (4, 5) in Russia, have 
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successfully searched for non alkaloid types, using their own method. In the Nether- 
lands, the present writer has isolated 19 new alkaloid-free plants from a local variety. 
In one of them (V 351), the freedom from alkaloids is not determined by dulcis, 
amoenus or liber. Measures should now be taken to maintain land races and wild 
forms, when new genes which determine freedom from alkaloids are searched for in 


the future. 


3. RESISTANCE TO VARIOUS DISEASES 


a. General 

A number of diseases of which we know but little, oecur in lupine. Control measures 
for the fungus diseases mildew and wilt are unknown. The damage caused by mosaic 
disease can be decreased by cultural measures. However, the search for resistance in 
these cases is the best way to obtain improvement. 


b. Resistance to mildew 

Powdery mildew (Erysiphe polygoni D.C.) occurs frequently in yellow lupine. The 
attack can be observed in the field from the beginning of July onwards. A greyish felt 
of mycelium can cover the whole surface, which in serious instances can result in the 
destruction of the plants. However, the damage is mostly restricted to a growth 
inhibition and consequently to a reduction in yield. The attack can occur in any 
growth stage of the plant. In heated glasshouses an artifical inoculation is not im- 
perative. When grown in the field, the presence of plants already attacked greatly 
promotes the rapidity with which the disease can spread. 

KrINKOWSKI (7) found resistance in wild material from Portuguese origin; the 
inheritance of the resistance appeared to be intricate. 

The present writer’s investigations showed that a line (W.H. 20) from wild Spanish 
origin was resistant in the field. All the F‚’s from the crosses with this line likewise 
remained healthy, while in the F, a segregation occurred agreeing with the expectation 
3 resistant: 1 susceptible. In glasshouse trials the resistance appeared to apply to 
the whole growing period and a monogeneous dominance of the favourable character 
was also established. The gene for resistance is indicated by Zr. 

In 1953, a long moist period caused regrowth in lupine and resistant plants were 
slightly attacked. Under normal conditions in the glasshouse, however, the offspring 
of these plants showed again a segregation 3 : 1. So far only one physiological race 
of the fungus has been established. 


ce. Resistance to wilt 

This disease is caused by Fusarium oxysporum lupini. The first disease symptoms 
are observed at a soil temperature of about 15 °C. The stem can entirely turn spongy 
within a few days and the whole plant withers. The vessels become brown. 

Wurtke (17) found resistance in 1940, but the isolated plants were lost later on. 
The present author found resistance for the first time in 1950. In Portuguese material 
23 lines were encountered of which some remained completely healthy and others were 
partly attacked. (Figs l and 2). 

The testing can take place in the field, provided that it is completely infested; only 
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Fi. 1. WILT DISEASE. RIGHT ATTACKED PLANT (Foto Plantenziektenkundige Dienst) 


Fi. 2. WILT DISEASE. CENTRE A SUSCEPTIBLE LINE AT THE BEGINNING OF ATTACK; 
RIGHT A RESISTANT LINE 
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then the results are sufficiently reliable for practical purposes. Genetical analysis 
in the field, however, is often not reliable, since several other causes may eliminate 
a part of the resistant plants. It is possible to work under constant conditions in 
Wisconsin tanks. The young plants are placed in the tanks at a water temperature 
of about 21 °C, after inoculation with the fungus. All susceptible plants of the F, 
resulting from crosses between resistant and susceptible are attacked about 1 month 
after inoculation. The segregation approximately agrees with the ratio 3 resistant: 
1 susceptible. Higher temperatures will shift the ratio; at a temperature of 25 °C the 
segregation is quite different and at 29 °C all plants are attacked. 

Further experiments with a greater number of trial fields established that at least 
3 physiological races are concerned. With respect to resistance to wilt the lines can 
be divided into 4 groups (see Table 1). 


TABLE 1. DIAGRAM OF THE PHYSIOLOGICAL RACES WITH RESPECT TO RESISTANCE TO WILT (Fusarium 
oxysporum lupini) 


| B 147/53 | R164/50 | B 170/53 | Neven 
Physio: 1E + + Ee en 
Physio- 2e anteee + = SI Dn 
Physió 3e En = ES en 
+ =— resistant — — susceptible 


d. Resistance to mosaic 


The name is due to the occurrence of mottled leaves which are typical symptoms for 
this disease. Often a narrowing of the leaves can be observed and the attacked plants 
show a stemmy appearance. Since infection can be transmitted by seed, seed-borne 
diseased plants occur. Plants infected on the field can originate during the entire 
growing period. Contamination is transferred by aphids and probably also by contact. 

Diseased plants which are seed-borne infected or early attacked on the field, remain 
small and yield only few or no seeds. The plants remain longer green than normal and 
flower with a lighter colour and often during a longer period. The stage of development, 
when the disease becomes visible, is of the utmost importance for the degree of seed 
transmission. No plants were found in the breeding material which were not attacked 
under conditions which are favourable for the disease. Some lines derived from the 
Dutch land race have actually been found, which so far have only been attacked after 
flowering time. Seed transmission has not been established in this type. The reduction 
in yield is unimportant in these lines. Only little is known about the inheritance. 
Further improvement is the object aimed at. 


4. RAPID YOUTH DEVELOPMENT 


Yellow lupine develops very slowly in the first stages after emergence. This presents 
the weeds with an ample opportunity to develop freely while texture deterioration and 
wind erosion are promoted. The cultivation of the slowly developing varieties as a 
stubble crop is restricted to those fields which can be ready for sowing at approxi- 
mately the Ist of August. 
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HACKBARTH (1.2) found a type with a rapid youth development and from this form 
the variety Weiko III has originated. 

The present writer found a rapid growing type (termed by the author Pal. type) in 
plants from Palestine origin. The quick growth in Weiko III is due to one recessive 
gene, in the case of the Pal. type it is due to one dominant gene. This dominance is 
indicated by the author as Rapidus (Rp.). In the cross between the Pal. type and 
Weiko III, apart from the two parent types, a slowly growing type and a very long, 
stemmy type are produced in the F,. The recessive gene for rapid development of 
Weiko III is indicated by cel, the very long types have the genetical constitution 
Rp(rp)cel cel. 

Crosses between the Pal. type and W.H. 20 show different results. W.H. 20 grows 
very slowly and is heavily branched. This type is dominant with respect to a normal 
slow development. The F, of Pal. typex W.H. 20 is intermediate and in the Fa 
transitional forms are also produced, apart from the parents. 


5. SOME OTHER IMPORTANT FEATURES 


In this section a number of characters are discussed which we investigated on a 
smaller scale. 


a. Non-shattering pods 

The pods easily shatter under high temperatures and low relative moisture con- 
tent of the air. The losses which may be suffered can be greatly reduced by breeding 
varieties with an even maturity. The Pal. type and a number of lines derived from 
Portuguese material are such evenly ripening forms. VON SENGBUSCH (11) found one 
plant with non-shattering pods (3535A) which was characterized by a solid connection 
of both pod halves by means of a sclerenchymatic layer. This type remains so tightly 
closed in the Netherlands, that losses are suffered in threshing when the pods are not 
completely dry. Easily threshable pods within this type are being searched for. 
Favourably looking plants have been obtained from crosses between 3535A and wild 
material. In Portuguese wild forms, lines were found of which the pods remain closed 
for a long time. 


b. Non hard-coated seeds 

VON SENGBUSCH (12) found types with non hard-coated seeds. Later the present 
writer also isolated a number of lines with soft-coated seeds. The seeds can be judged 
after 24 hours of immersion. When 75 % of the seeds are swollen, the types are con- 
sidered. as soft-coated. Non hard-coated seeds only were found in the offspring of 
crosses between Weiko III, Pal. type and Portuguese lines. 


c. Glabrous pods 

TroLL (15) found a type with glabrous pods. Later KRESZ (8) found a short- 
haired form which may have advantages. The present writer isolated a new short- 
haired type. In the Netherlands the seed set of the glabrous type of TROLL is bad. 
The writer isolated some fertile lines after crossing with other forms. 
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d. High seed production 

Apart from the varieties for green fodder, it is advisable to aim at the breeding of 
varieties with a high seed producing capacity. There is a negative correlation between 
the yield of green matter and the yield of seeds. A number of lines creating a favourable 
impression in this respect have been found in Portuguese material. Highly productive 
lines have already been isolated after crossing with fodder lupine. 


6. EVALUATION OF THE CHARACTERS DISCUSSED AND OF THE MATERIAL OBTAINED 
FOR CULTIVATION AND BREEDING 


The breeding material and the various characters will riow be analysed in a general 
sense. 


a. Freedom from alkaloids 

The way of inheritance in the line 8, 80 and 102 which was described above, has 
important consequences for the cultivation and breeding of lupine. Self-fertilization 
dominates in yellow lupine, but according to the author’s experience cross-fertilization 
can occur for 25-30 % in the Netherlands. Consequently, a minimum distance of 
200 m between the varieties should be maintained when the crop is grown for seed 
production. In breeding it should be considered that, throughout the world, varieties 
with the gene „dulcis’’ are almost exclusively cultivated. The cultivation of varieties 
with other genes should be avoided, unless it might appear that such a variety would 
mean a significant improvement in another respect. 

When introducing new varieties it is desirable to indicate the genes determining the 
freedom from alkaloids. This standard is better than setting a standard in which, as is 
the case in Germany, a variety is called free from alkaloids when the content is lower 
than 0.05 %. As long as it has not yet been proved that the content can be determined 
in a reliable way and since it is unknown whether and to which extent external 
conditions affect this content such a norm as used by German workers is inadmissible. 


b. Resistance to mildew 


The losses caused by this attack can amount to 50 %; in glasshouses it may even 
be worse. W.H. 20 which is resistant, produces a great many lateral branches. This is 
due to dominant genes, hence this type is an excellent parent in crosses. 


c. Resistance to wilt 


The damage caused by wilt can be very serious. It can spread rapidly and an 
infested field is unfit for lupine growing for many years. A good crop rotation can 
check the occurrence of the disease. Attacks have considerably increased of late. 

As a consequence of the existence of at least 3 physiological races the number of 
resistant lines has greatly decreased in the course of years. Out of 23 lines, which are 
resistant to race 1, only one is resistant to race 2. Later, resistance to race 1 and 2 has 
been found in 6 lines, part of which is also attacked by race 3. The basis for breeding 
therefore, has become narrow, so that new material should be searched for. Much 
attention should also be given to crop rotation in resistant varieties to prevent the 
occurrence of new races. 
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d. Resistance to mosaic 


This disease can be checked by early sowing, the use of seed derived from healthy 
fields and by selection in the field. The creation of resistant varieties is hampered by 
the capricious occurrence of this disease and the lacking of resistance during the 
whole growing period. 


e. Rapid youth development 


The Pal. type (of which the varieties Palvo and Bipal have been placed on the List 
of Varieties of Field Crops) is very important for the breeding in the Netherlands. The 
type is very attractive as a parent and, compared with Weiko III, its results in crossing 
are generally more favourable. 

The non hard-coated seeds of the Pal. type germinate quicker than those of Weiko 
[II and the variety Neven with its hard-coated seeds. This results in an earlier cover- 
ing of the soil. 

The tendency to lodge is stronger than in other forms, but differences in this respect 
have also been established within the Pal. type. 

The Pal. type flowers very early and ripens quicker than Weiko II and Neven. 


Non shattering pods and non hard-coated seeds facilitate and improve the cultivation 
considerably. Little experience has so far been gained in types with glabrous pods and 
in forms with a high seed production. 


To summarize this section the conclusion can be drawn that, in the Netherlands, 
an attempt is being made to create highly productive varieties based on the Pal. type 
and on such types with a rapid youth development, resistance to mildew, wilt and 
mosaic disease, non-shattering pods (which are easily threshable), non hard-coated 
seeds and glabrous pods. 


7. FURTHER DETAILS ON THE SOURCES FROM WHICH NEW VARIETIES CAN BE OBTAINED 


The material of local varieties is generally rather uniform, the variation in growth 
type being slight. The plants are leafy and of late maturity. The land races probably 
originated from one source. In the cultivation in North Western Europe a gene 
reduction has taken place in the course of years. This was not followed by a break up 
into many different types. The origin of the late ripening type can be explained from 
the method of cultivation. In seed growing, the early ripening types had already 
shattered during the harvest, so that a general and gradual shift to late maturity has 
taken place. This assumption seems more likely than the supposition that a certain 
selection would have caused leafiness and late maturity. 

In the breeding of fodder lupine, matters are even worse: here is only a narrow basis 
of few plants. The following lines have been found in material from local varieties: 
line 8 (80 and 102), line 3535A and some lines with non hard-coated seeds. A white 
seeded and a rapidly developing form have been derived from line 8. 

The wild forms from the centre of origin are fortunately offering more chances. The 
variation within the vast area of Spain, Portugal, Italy, the isles of Sicily, Sardinia and 
Corsica and the western part of the North African coastal area is great, however 
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close the relation in growth type between the general growth form and the cultivated 
forms may be. 

From Table 2 can be seen how important the wild forms have so far been for 
the breeding. Moreover, only a small part of the actually existing forms have been 
collected. Therefore, wild material should be collected at short notice and on a 
large scale. It is advisable to organize this collection on an international footing, so 
that many countries may use these forms for their breeding work. 

Only a comprehensive collection of wild species from the centre of origin can pre- 
sent the breeder with material for a fruitful continuation of his work and lead the 
way to improvement. 


TABLE 2. DIAGRAM, SHOWING THE IMPORTANCE OF WILD MATERIAL FOR THE BREEDING OF LUPINE 


Cultural Local 
|_variety variety 


Properties obtained Wild from 


Alkaloid:fieë mss nen de ee: — 
Rapid vouihrorowinsse + 
INOnIshatterin pods — 
SeedwilhIsofseedcoa — 
Gläbfous pods OA Tee En +? 
Early maturity ede at EE — 
Resistance to Fusarium oxysporum lupinirace 1 .... — 
Resistance to Fusarium oxysporum lupini race 2and3 . — 
RESISCANCER ONNIE — 
RESISTANCE NON OSC — 
Heavyerämificationsk bee — 
Elrehsseediproductonn = 


HI 


el 
Lai 


l 
Ï 


Dld + 


LEI 


Bavourableilevelfofspodiinsertion sn — 


Hd dt + 


SAMENVATTING 
Verbreding van de grondslagen voor de veredeling van gele voederlupine 


Van de alcaloïdvrije stammen 8, 80 en 102 gevonden door VoN SENGBUSCH, is 
het in hoofdzaak de eerste, welke gediend heeft om practijkrassen te verkrijgen. Door 
schrijver werden in het landras van Schouwen 19 alcaloïdvrije planten gevonden. Bij één 
dezer genotypen berust de alcaloïdvrijheid niet op een der genen welke in de stammen 
van VON SENGBUSCH voorkomen. Bij onderlinge kruising van de vier hier genoemde 
lijnen ontstaan bittere hybriden; een gedeelte van de nakomelingen is eveneens bitter. 

In nummer W.H. 20, afkomstig van wilde lupine uit Spanje, is resistentie tegen 
meeldauw (Erysiphe polygoni D.C.) gevonden. De resistentie wordt bepaald door één 
dominante erffactor, door schrijver aangeduid met Er. 

Bij het onderzoek naar het voorkomen van resistentie tegen verwelkingsziekte 
(Fusarium oxysporum lupini) werd een aantal genotypen, welke op een bepaald proef- 
veld en ook bij kasproeven niet werd aangetast, op andere plaatsen ziek. Van de 
schimmel zijn thans drie physio’s ontdekt. Er zijn lijnen gevonden welke resistent zijn 
tegen de drie physio’s. 

Gebleken is verder dat de bodemtemperatuur van grote invloed is op de aantasting. 
Tot + 20°C vertonen de resistente planten geen aantasting en bij kruising van resi- 
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stente genotypen met vatbare, vindt men bij physio l in de F, splitsingen, welke 
ongeveer de verhouding 3 resistent : 1 vatbaar vertonen. Bij hogere temperaturen 
neemt de aantasting toe en bij 27°C worden zowel de resistente als de vatbare 
volledig ziek. Op grond van de ervaringen in de afgelopen 5 jaren, op zeer uiteen- 
lopende proefvelden, mag worden aangenomen, dat in een goed ontwikkeld lupine- 
gewas de bodemtemperatuur, althans in Nederland, niet of slechts kortere tijd, boven 
de gevaarlijke temperatuursgrens uitkomt. De gevonden resistentie is daarom van 
grote waarde voor de teelt. 

Bij de mozaïekziekte is resistentie gevonden in één lijn uit het Nederlandse landras. 
Deze resistentie is hierdoor gekenmerkt, dat in tegenstelling tot de vatbare planten, 
de ziekte eerst optreedt tijdens of na de bloei. Door deze late aantasting is de schade 
aan de opbrengst geringer dan normaal, terwijl tot dusverre geen overgang met het 
zaad werd aangetroffen. 

Uit een Palestijnse wilde herkomst is een nieuw type met een snelle jeugdont- 
wikkeling geïsoleerd. De gunstige eigenschap berust op één dominante erffactor, (door 
schrijver Rapidus, Rp, genoemd) in tegenstelling tot het Duitse ras Weiko III, waar 
één recessief gen de snelle ontwikkeling bepaalt. Combinatie van beide genen geeft 
transgressie in de lengtegroei. 

Bij het niet openspringen van de peulen, het niet hardschalig worden van de 
zaadhuid en het onbehaard zijn van de peulen werden nieuwe genotypen ontdekt, 
welke ten dele als een vooruitgang ten opzichte van de reeds bekende mogen worden 
beschouwd. 

In Portugees wild materiaal werden enkele zeer goede zaadproducenten op- 
gemerkt. 

Vermeld is welke landbouwkundige betekenis kan worden toegekend aan de ver- 
schillende behandelde eigenschappen. Tevens wordt besproken hoe de combinatie 
van de verschillende gunstige eigenschappen te verwezenlijken is. 

De bronnen, waaruit voor de veredeling kan worden geput, zijn: gekweekte rassen, 
landrassen en wilde vormen. Aangetoond wordt dat de wilde herkomsten de beste 
kansen voor verdere vooruitgang bieden. Er wordt op gewezen dat het noodzakelijk 
is op korte termijn zo veel mogelijk wild materiaal te verzamelen en maatregelen te 
nemen om de landrassen in stand te houden. Aanbevolen wordt dit internationaal te 
organiseren, zodat de verschillende landen de beschikking kunnen krijgen over een 
zo groot mogelijk aantal geniteurs. 
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INTRODUCTION 


Flax rust, caused by Melampsora lini is a disease well known in many flax growing 
countries. In the Netherlands, too, the disease is normally present and sometimes 
produces much damage. Direct control of flax rust by chemicals has never been eco- 
nomical and the only way to attempt control is to breed resistant varieties. 


PHYSIOLOGICAL RACES OF THE FUNGUS 


Some success in flax breeding has already been obtained by many plant breeders. It 
is, however, doubtful that a variety resistant in one country will remain resistant in an- 
other country or even in different parts of the same country, due to the presence of 
many physiological races of the fungus. These physiological races are specific for 
certain flax varieties and cannot attack other varieties. Before parent plants can be 
selected, one must know which rust races are present in the area. A special group of 
flax varieties, called “standard varieties” or “differentials”’ is used to separate flax rust 
races. This group of varieties was first used by FLOR (8) in the U.S.A. and he found it 
by inoculating a large number of varieties with collections of flax rust from various 
parts of America. From these flax varieties he selected his differentials. Five infection 
types (0-4) were distinguished, where 0 is immunity and 4 is a heavy infection. Origi- 
nally the differentials consisted of only 9 varieties, but by using more rust collections 
and flax varieties, the number was increased to 16. A difficulty with this assortment 
was, that it was found empirically and there was little known of the genetical basis 
upon which the resistance of the differentials was based. Moreover the genetical be- 
haviour of the rust was completely unknown. Such a genetical understanding has in 
other crops (potatoes) enabled much advance in breeding for resistance. 

During the last ten years, FLOR (9, 10) has made extensive investigations into this 
genetical behaviour by making artificial crosses of flax varieties and of rust races, and 
by selection of pure lines. One of the most important results of this research was the 
production of a set of 18 “differentials” each of which has only one gene for rust 
resistance; and the production of a number of rust races, each with one gene for 
aggression. When all rust races in a definite area are determined on these new ““differ- 
entials”, after purification of collections by singlespore culture, one knows directly 
which genes are necessary for breeding immune flax varieties. On the other hand, by 
infection with rust races whose genes for aggression are known, it is possible to deter- 
mine the genes for resistance in a flax variety. The use of the new group of FLOR’s 
differentials has reduced the number of rust races. The use of flax varieties containing 
only one gene for resistance makes it impossible to distinguish many types of reaction; 
only the reaction of + or —(s and R) can be determined. 
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Therefore FLOR classified his types O, 1 and 2 as resistant and types 3 and 4 as sus- 
ceptible. Rust races which were formerly distinguished by types O and 2 on the same 
differential, are now classified as one and the same rust race. The number of rust races 
is thereby reduced. Rust races which were separated as O and 2 are now considered to 
be biotypes of the same rust race; the same gene determines resistance in each biotype. 
The differences must be ascribed to minor genes, which are of little importance for 
breeding work. Field results do not usually show large differences in reaction between 
the reaction types O and 2 which occur in the laboratory. For instance, in field tests one 
may occasionally find a few small spore pustules, but this cannot be considered a def- 
inite infection. Likewise, differences shown in the laboratory between types 3 and 4 
are never found in the field. However, large differences in infection severity of different 
flax varieties can be seen in the field. This is sometimes due to the presence of only some 
resistant genes, so that not all rust races can cause infection, but usually it is due to 
secondary factors expressed only in adult plants. 


FLAX RUST RACES IN THE NETHERLANDS 


With the new differentials of FLOR, Mr DE MIRANDA, a student at the University of 
Leyden, working at the Institute for Phytopathological Research in 1953, determined. 
the rust races present in collections from different parts of the Netherlands. We could 
only determine the number of rust races present here and the flax varieties containing 
usable genes for resistance. It was not possible to determine the rust race numbers as 
used by FLOR, for at that time his work was not yet published. Therefore we have given 
the rust races provisional letters. After FLOR’s paper appeared in 1954 it was found 
that most of our rust races were unknown to FLOR. 


FIG. 1. CULTIVATION OF FLAX-RUST RACES UNDER PLASTIC COVERS IN THE GREENHOUSE 
(Kultuur van vlasroest physio’s onder plastic hoezen in de kas) 
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The results of our determination are given in Table I. 


TABLE 1. DETERMINATION OF RUST RACES OF MELAMPSORA LINI IN THE NETHERLANDS 


Rust races GAL SE 4 

Difterentials | MS | resist. } k k 5 5 ii else 
Ottawa 770B .. . 355 IL R R R R R R R R 
KSC vaN Ae 709 L4 R R R R R R R R 
IKOLO Ree Mei Brat 842 N6 R R R R R R R R 
Abyssinian 701 N2 S Ss IS 5 R s s Ss 
IEEON AME en ten 836 N3 R R R R R R R R 
Williston Brown 803 M1 Ss Ss Ss Ss Ss Ss Ss R 
J.W.S. (of Stewart) 708 L2 R R Ss Ss R R R s 
Bison en 5 389 — 5 s Ss s Ss Ss s s 
Bombay 42 N R R R R R Best st R 
BIO gen Ae 1085 L6 R R R R R R R R 
CO herte 1182 M3 R R R R R R R R 
Bolk ERE, 1191 N5 R R R R R R R R 
Newland (of Dakota) | 188 M R R R R R R R R 
Almolenskam IS NI Ss Ss Ss s R s Ss Ss 
CIENEe ee eer 1188 id Ss s Ss s Rs s Ss R 
Nulde nm 1193 IES R R R R R R R R 
Bowman 1184 Ò s Ss s R Rs Ss Ss R 
MictorysAlra 1170 M4 R Ss R Ss R Ss R R 
R — Resistant s — susceptible 


Eight rust races and 9 flax varieties with genes for resistance to all these races were 
found. The 9 flax varieties are: 


Ottawan OBR CHEN ERS SS CASS ARES CAN ED 
ISN sa Oo CI. Nr. 709 Polke er: CHEN EO 
KOLOM Ve CI. Nr. 842 Newland or Dakota CL. Nr. 188 
LEONARD 5 5 an og (Clk Ie 50) Wilden en CI. Nr. 1193 
Biton ane CI. Nr. 1085 


The variety Leona gave an infection type 2 with many of the rust races, that is to 
say, it has the main gene for resistance but few minor genes, and should not be used in 
breeding work. 

For the variety Bombay inoculated with rust races P and BO, an ST is given after s in 
Table I, which indicates a susceptible reaction only on the stem. This last result is quite 
different from FLOR’s description of the reaction types. It has been entered as suscep- 
tible, for that is what it would be in practice. 


BREEDING FOR RUST-RESISTANCE 


The first work in breeding should be to bring these genes for resistance into our 
normal flax varieties by repeated backcrossing. This is necessary because most of these 
varieties are oil flax varieties and are not desirable here even as parent plants. It would 
be better to bring together several genes for resistance in one variety, but this cannot 
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be done for it is impossible, with our rust races, to determine if one or more genes are 
present. 

However, it would be possible if we obtained from FroRr the specific rust races. 
necessary, but importation of rust races which attack the parent plants resistant here is. 
much too dangerous. 

There is still another reason why it is not possible to combine all resistant genes in 
one flax variety. In column 3 of Table I are given FLOR’s different genes for resistance. 
These belong to three groups, L, M and N. The genes of one group are multiple alleles. 
and can therefore not be brought together in one flax variety. The breeding of new rust 
resistant parents with known genes for resistance has already begun here with the work 
of Ir H. T. WIERSEMA, at the Foundation for Agricultural Plant Breeding at Wagenin- 
gen, and also with the work of private plant breeders. All of this work is carried out 
with the aid of artificial inoculations. 

Because of a shortage of time and greenhouses, no new determinations were made in 
1954, but since none of the rust resistant flax varieties grown in the field became in- 
fected, it appears that no new rust races have occurred which would reduce the num- 
ber of rust resistant parent plants. 

After our rust races were determined, a number of flax varieties from the Institute: 
for Research on Varieties of Field Crops (L.V.R.O.) and the Netherlands Flax Insti- 


TABLE 2. REACTION OF FLAX VARIETIES AFTER ARTIFICIAL INFECTION IN THE GREENHOUSE WITH 7 RUST 


RACES 
hens Rust races Rust Ee of 
Ae v vi w Y P Bo z infection | teleuto- 
on the inschans 
Flax varieties ROES on one 
stem 
Blendaan nen IS IS Ss Ss s Ss s 4} 7 
Resenboocmemn. Ss s Ss IS Ss s Ss 5) 40 
FIErcules en s Ss Ss Ss Ss Ss Ss 2 1 
Wierda ee s s s s s s s 1 $ 
Concurrent Ss s s s Ss Ss Ss 4} 3 
Formosa R+2s| R Ss R+9s|R+4#3s|R+6s| s 1 D 
Percello nen R R s R48s|R+3s|R+2s| ss 4 24 
Fivel, Ss s Ss Ss Ss s Ss 4 4 
Solido VR S s s Ss Ss s Ss 2 4 
INODIESSCHR s s Ss Ss Ss Ss Ss 3 4 
Diana Ne s s s s s s s 2} } 
Verum ME: Ss Ss Ss Ss Ss Ss Ss $ 1 
Hylkema 1871 s s s s s s s 1 4 
Hollandia : R R s s R46s|R+4+4s| s 13 14 
Gerda mannen R43s | R+4-5s | R+4-6s | R+46s | R48s | R4-3s | R4-5s 1 | 
lle de France . s Sams s Ss Ss s 4 7 
EiralsCrownmnn s s s s s s s 44 8 
Norfolk Mandarin Ss s Ss s Ss Ss s 4 2 
Norfolk Princess s s s s s s s 4 23 
Corvalls men R R R R R R R 0 0 
8063 EA R R R R R R R 0 0) 
GasCade MENEN R R R R R R R 0 0 
OG = no rust, =— heavy infection, R = Resistant, s — susceptible 
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tute were tested as young plants for resistance to each separate rust race. Rust race R 
was not used, due to a shortage of inoculum. The results of this experiment are present 
ed in Table 2. In the last columns the rust ratings obtained in field tests with artificial 
inoculation, and also the figures on amount of firing the (teliospore stage) are given. 
This field resistance is not only due to the main genes for resistance but also to secon- 
dary factors. Every infection was made on 20 plants. In Table 2, R means that all 
plants were resistant and s that all were susceptible. In the case of R + 5 s from the 20 
plants, 15 were resistant but 5 susceptible. The variety was not a pure line for this char- 
acter. The number of our varieties containing genes for resistance is very small and the 
influence of susceptibility to special rust races is so great, that even with the presence of 
some genes for resistance field ratings are high. In this case it appears that the influence 
of minor genes is very great. It appeared also that little correlation exists between the 
presence of genes for resistance and the amount of firing. This is also known in practice 
for there is little correlation between the severity of rust in the leaves and the amount 
of firing on the straw. 


TESTING-METHODS FOR RUST-RESISTANCE 


The susceptibility of a flax variety can be determined by 2 methods. For determining 
specific genes it is necessary to make artificial infections on young plants in the green- 
house. 

Ir WIERSEMA, and one private plant breeder are using this method, but most private 
breeders have no greenhouse, and have too little pathological training to do so. There- 
fore they use the less exact but useful method of field infection in a “rust garden”. In 


Fig. 2. ARTIFICIAL INOCULATIONS IN A FLAX RUST NURSERY OF THE FOUNDATION FOR 
AGRICULTURAL PLANT BREEDING 
(Kunstmatige infectie van een veldproef met vlasroest) 
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this way only the total resistance to all rust races found in this country, and the minor 
gene differences in susceptibility of the various flax varieties which do not have the 
correct major gene, are determined. 

In a “rust garden” the varieties, lines and cross-populations under investigation are 
sown in small plots (a few square metre). A variety very susceptible to all our rust races 
is sown around the group of plots. We use for this purpose the old variety Resistenta 
from the breeder HYLKEMA. (The name seems somewhat curious but is due to its 
resistance to Pythium megalacanthum). When the flax plants are + 5 cm in height, the 
surrounding variety is inoculated with a mixture of all the rust races. This can be done 
either by planting young plants, already infected in the greenhouse, or by spraying a 
spore suspension at different points in the infection rows and covering for twenty-four 
hours with a small enamelled chamber. Wet gunny sacks are placed on the chamber to 
keep the temperature down. Under these special conditions in our humid climate the 
infection spreads quickly, first over the infection rows and from here to the varieties 
to be tested. By the end of June reliable determinations can be made. The best results 
are obtained when sowing is done late in spring and the experiment is laid out on a 
light sandy soil which has been given a rather heavy application of nitrogen, so that a 
leafy crop is obtained. In dry climates it may be necessary to use sprinkler-irrigation, 
but in the Netherlands this has never been necessary. Breeders obtain inoculum for 
these experiments from the Division for Disease-Resistance of the Institute for Phyto- 


Fro. 3. INOCULATING THE „„INFECTION ROWS” IN THE FLAX RUST 
NURSERY OF THE FOUNDATION FOR AGRICULTURAL PLANT 
BREEDING 
(Spuiten van een sporensuspensie in de „infectie rijen’ voor 
kunstmatige infectie met vlasroest) 
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pathological Research, where all rust races are maintained and where the race deter- 
mination is done. To determine the presence of new rust races, some rust resistant 
varieties are always grown in these experiments. In the future we will sow the resistant 
varieties from FLoR’s differentials, so that when one of them becomes susceptible we 
will know immediately which gene for resistance is to be left out of breeding work. 

One must be careful when judging field resistance of such varieties, because some- 
times some spore pustules are formed on leaves of a resistant variety. It is necessary to 
collect these spores, to cultivate them and to determine the rust race. It is possible that 
a rust race which produces a reaction type of | or 2 on a resistant variety in the green- 
house, will produce a few spore pustules in field trials. On the other hand, we have 
found that a resistant flax variety sometimes will show a temporary break-down of 
resistance. In a field trial in 1953, the resistant varieties Corvallis, 806/3 and Cascade, 
suddenly became rather heavily infected one month after field inoculation. This in- 
fection did not increase and after a fortnight when the plants were flowering, they 
appeared free from rust. The effected leaves had fallen off and no new spores pustules 
had appeared. In the greenhouse artificial inoculation with spores from these three 
varieties did not produce infection. In all other field tests these varieties also remained 
resistant. 


DATE FROM OTHER COUNTRIES 


Other breeding work such as described here, where definite genes for rust resistance 
were taken into consideration in combination with FLOR’s new differentials has, to my 
knowledge, not yet been done in Western Europe. Until now the work was restricted to 
resistant parents which were found more or less by accident and whose genetical back- 
ground was unknown. 

CRUICKSHANK and WRIGHT (4, 5, 6) in New Zealand, KERR (12) in Australia, LELE 
and DESHPANDE (14, 7) in India and VALLEGA (16) in Argentinia worked in FLOR’s 
manner just as in Canada (2), and determined many rust races, but they used the old 
differentials of FLOR, whereby the genetic basis was not so clear. 

In Germany, before the war, much work was done by STRAIB (15) but Il have learned 
by verbal communication that this work has been discontinued. In Belgium LACROIX 
(13), in 1953, published a paper on susceptibility of 30 flax varieties to rust. FREDERIK- 
SEN (11) in Denmark, in 1953, described differences in susceptibility of 31 fibre flax and 
20 oil flax varieties. Also at the Plant Breeding Institute at Svalöf in Sweden and in 
Northern Ireland (1) attention has been given to flax rust; but most of these workers 
did not use artificial inoculations, and even the rust races present were not determined. 
It is of great importance to carry out this research with an understanding of the genet- 
tical basis. Especially is this knowledge valuable when new rust races appear, for only 
then can the work be adapted quickly to the changed circumstances. Still it is clear that 
in these countries which lie near the Netherlands, other rust races are present. Thus 
FREDERIKSEN stated that the variety Verum was immune from flax rust, which is not 
true in the Netherlands, as can be seen in Table 2. Norfolk Manderin was only 
slightly attacked in Denmark, but was here very susceptible. LACROIX stated that the 
new Belgian variety Regenboog (Arc en Ciel) was only slightly attacked there, but in 
our experiments it was the most susceptible of all varieties investigated. 
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SUMMARY 


Determinations of races of Melampsora lini with the new set of differentials, each 
containing only one gene for rust resistance occurring in Holland, are described. The 
great advantages of these differentials for the breeding of flax for rust resistance are 
discussed. Different methods for the determination of the resistance and susceptibility 
to rust of flax varieties are described. Special attention is given to the genes for re- 
sistance of new races and how to find these. 


SAMENVATTING 


Onderzoek naar de vatbaarheid van vlas voor roest (Melampsora lini) _ 


Een van de moeilijkheden bij het kweken van vlas op roestresistentie is de omstan- 
digheid dat van de parasiet vele physiologische rassen voorkomen, die ieder slechts be- 
paalde vlasrassen kunnen aantasten. Het is dus noodzakelijk voor het veredelingswerk 
eerst de voorkomende physio’s te kennen. Vroeger geschiedde dit op het oude stan- 
daardsortiment van FLOR. Hiermede waren wel de physio’s te onderscheiden maar een 
juist inzicht omtrent de genetische basis, waarop de resistentie tegen de verschillende 
physio’s berust, was er niet of zeer onvoldoende mede te verkrijgen. Als gevolg van een 
uitgebreid onderzoek gedurende de laatste 10 jaar is genoemde onderzoeker er in ge- 
slaagd een standaardsortiment samen te stellen waarvan ieder vlasras slechts één 
resistentiefactor bezit. Al deze factoren erven dominant over. Na een determinatie van 
alle in een bepaald land voorkomende physio’s op dit nieuwe standaardsortiment weet 
men uit het aantal rassen dat door geen enkel physio wordt aangetast direct, hoeveel 
en welke resistentie-genen in dat land een volledige resistentie kunnen bepalen. 

Met dit nieuwe standaardsortiment werden in 1953 op het Instituut voor Planten- 
ziektenkundig Onderzoek een groot aantal herkomsten van vlasroest uit Nederland op 
de daarin voorkomende physio’s onderzocht. Er werden 8 verschillende physio’s ge- 
vonden en 9 resistentie-genen die ieder afzonderlijk volledige resistentie tegen alle 8 
physio’s bepalen. Deze 9 genen moeten door herhaalde terugkruising in onze goede 
vlasrassen gebracht worden. Beter zou zijn direct meerdere in één vlasras te verenigen 
maar met de hier aanwezige roestphysio’s is dit niet mogelijk. Daarvoor zouden andere 
physio’s geïmporteerd moeten worden, doch dit is te gevaarlijk voor de vlascultuur in 
ons land. Een combinatie van alle genen in één vlasras is op theoretische gronden 
reeds onmogelijk, omdat deze genen tot 3 groepen behoren die ieder in één chromo- 
soom gelocaliseerd zijn en de genen binnen één groep meestal multiple allelomorphen 
zijn. 

De toetsing op resistentie van vlasrassen kan op twee verschillende wijzen geschie- 
den. In de eerste plaats door infectie van kiemplanten in de kas. Hierbij kan met de 
afzonderlijke physio’s gewerkt worden, terwijl men tevens meerdere generaties per jaar 
kan kweken. Aangezien de meeste veredelingsbedrijven van landbouwgewassen niet 
over kasruimte beschikken, wordt in ons land meestal een andere eenvoudiger maar 
eveneens bruikbare methode toegepast. Hierbij worden speciale „roestproeven” op 
het veld uitgezaaid en daarna met een mengsel van alle physio’s kunstmatig besmet. 
De resistente vlasrassen van het standaardsortiment worden eveneens in deze proeven 
uitgezaaid om na te gaan, of nieuwe physio’s zijn opgetreden. Ook voor dit werk is het 
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gebruik van een standaardsortiment met bekende resistentie-genen een grote verbete- 
ring. 


Het bepalen van resistentie van vlasrassen met in acht neming van de genetische 


basis van de resistentie is in West-Europa nog niet geschied. Wel zijn er enkele gegevens 
over verschillen in vatbaarheid in België, Denemarken en Noord Ierland gepubliceerd 
maar meestal is bij dit onderzoek geen rekening gehouden met de physio’s van de 
schimmel. Indien dit wel geschiedde is nog van het oude toetssortiment gebruik ge- 
maakt. 
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INTRODUCTION 


The yields of the same carrot varieties may differ widely, in fact so much so that in 
determining the differences in yield between varieties one often doubts whether the data 
are of any use. For this reasorí a series of trials was carried out to get a better insight 
into the factors governing yield. 

These trials were primarily meant to determine the yield (in kgs) of usable carrots 
per plot, but in order to be able to observe changes in the structure of the yield the 
following figures were also determined: 

Average number of plants per pot 

Average number of usable carrots per plot (mostly expressed as a percentage of the 
total number) 

Average root weight of the usable carrots. 

Sometimes these numbers or weights as observed are given. In other cases some of 
them are expressed by means of index figures. 


In converting the real numbers into index figures, the average of a whole trial has been fixed at 100, 
the real numbers having been converted to a percentage of 100. For instance, if the real average is 54, 
this is regarded as 100. If the real number for a variety or treatment in the same trial is 64, then this 
variety is given the index figure 64/54 x 100 = 118.5 or rounded off to a whole number 119. 


TOTAL NUMBER OF PLANTS PER PLOT 


To a limited extent it is possible to determine, by varying the planting distances and 
by thinning out afterwards, the number of plants that can be grown on a plot. Some of 
the young plants, however, will damp off so that the spaces between the plants in the 
row become larger than the planting distance originally chosen. Moreover, all the seed 
does not come up. This depends on the germinability of the seed and on the condition 
of the soil at the moment of sowing and afterwards. 

How far the real plant number can deviate from the numbers which, theoretically, 
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should be present according to the planting distance originally chosen, is shown in 
Table 1. The numbers given in this Table relate to the trials 53 B, 53 Chands53,D: 
which were block trials that had been replicated four times. 


TABLE 1. PLANTING DISTANCE AND TOTAL NUMBER OF PLANTS PER PLOT 


Total number of plants per plot of 3 m? 
. (row length 2 m; plot breadth 1.50 m) 
€ Planting 
Variety distance Obe 

sd Theeretical E 
| De Goor Wag. Berg Elst 

| 
Flakkeese Improved ISR 800 397 306 | 230 
18jX 5 320 258 195 167 
250 120 114 106 114 
Nantes 12EX 14 1920 831 — 467 
152 800 565 — 412 
18jX 5 320 313 — DE 
Amsterdam Forcing 12EX 14 1920 623 550 296 
690 544 | = 
SE 800 498 420 392 
Jl 388 == 


Amsterdam Forcing was sown twice on the same plots. It was first sown in spring, 
together with Flakkeese Improved and Nantes. Of the latter two varieties only one crop 
per season could be grown. Of Amsterdam Forcing, however, a second crop could be 
grown after the harvest in July. The second sowing was carried out in July. Therefore, 
in the case of Amsterdam Forcing grown at “De Goor” and “De Wageningse Berg”, 
two figures are given for each planting distance, for the first and the second crop 
respectively. 

At Elst, growth was so much slower that even of Amsterdam Forcing only one crop 
could be grown. 

Table 1 shows that as the planting distances decrease the real plant numbers lag 
behind the theoretical ones. This Table also shows that the location has had an effect 
on these numbers. 

At “De Goor” (low sand of good structure with always sufficient moisture) the real 
number of plants was highest. Then followed the “Wageningse Berg” (high sandy soil, 
without upward conduction of water, but in the spring of 1953 sufficiently moistened 
with rain-water). 

Elst (heavy clay) came last. 

Consequently the suitability of the soil for the germination of the seed is also of 
importance. 

Furthermore the germinability of the seed has some influence. In 1950 and 1951, 32 
selections of types of Flakkeese were tested in 6 trials. Prior to sowing them, the ger- 
mination capacity of the 32 seed samples had been determined. That was in 1950. In 
the 6 trials the total number of plants, averaged per plot, was determined. For each 
test these numbers were converted into index numbers. Then the six index numbers of 
each selection were averaged. 
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In Table 2 the 32 selections are grouped into 4 classes of germinability and 4 classes 
of index numbers for the total number of plants per plot. 


TABLE 2. GERMINABILITY AND TOTAL NUMBER OF PLANTS PER PLOT 


Index numbers for total number of plants per plot 
Germinability in 16 days averaged over six trials 
ee 102 102-98 97-93 93 
82-78 4 5 0) 0) 
75-63 D 8 2 0 
55-48 1 2 3 1 
42-38 0 0) 2) 2 


It is clearly shown that the number of plants per plot tended to be lower as the ger- 
mination capacity of the seed decreased. To sum up it may be concluded 


a. that reducing the planting distance increases the real number of plants, but that this 
number lags all the more behind the theoretical number as the planting distance 
becomes less; 

b. that the real number of plants per plot lags all the more behind the theoretical one 
as the germinability of the seed decreases and the soil becomes less favourable for 
the germination of the seed. 


INFLUENCE OF THE TOTAL NUMBER OF PLANTS PER PLOT ON THE YIELD 


In the trials already mentioned (53 B, 53 C and 53 D) a number of varieties were 
tested in three localities, at different planting distances. These trials provided the data 
shown in Table 3 (see p. 000). In addition to the figures mentioned previously, some 
data on the causes of carrots being unusable are also included. 

In Table 3 it is shown that within the present limits the yield per plot always rose 
with the increase in the total number of plants per plot. As a rule, however, 
yield does not increase in proportion to the total number of plants, because when the 
total number of plants per plot increases the average root weight decreases. In addi- 
tion, the percentage of usable carrots often (not always) drops. An increase in the total 
number of plants per plot is generally associated with an increase in the percentage of 
excessively small roots, but this OSE causes the percentages of ramified or cracked 
roots to decrease. 

Consequently the factor “total number of plants per plot” directly affects the kg 
yield per plot by virtue of its number and indirectly by its effect on the average root 
weight and the percentage of usable carrots. It may be imagined that this indirect in- 
fluence becomes less as the number of plants on the plot decreases, and ceases entirely 
as soon as a certain planting distance has been reached. It is safe to say that this 
distance will be different under different growing conditions. 


THE PERCENTAGE OF USABLE CARROTS 


In the preceding section it has been stated that the total number of plants per plot 
may effect the usable percentage. With increasing numbers of plants per plot the 
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TABLE 3. TOTAL NUMBER OF PLANTS PER PLOT AND YIELD 


| 5 Causes of rejection 
NE Usable carrots Numbers in % 
9 of the total 
Variety Localit 55 ù H L 
ocality E B 5 E 5 8 > cn Es 2 E 
Sen Bee) 8 | Bei sten das 53 | se 
EES | Zes | Z | 8E |KeBnl ASS ZP | OP 
Flakkeese De Goor 397 71 28i 163 45.1 24.7 2.8 0.5 
Improved 258 80 207 216 44.7 14.6 De (ES 
114 82 93 378 35 15 She) 4.5 
Elst 230 65 149 208 30.8 25.4 6.1 3.6 
| 167 60 100 254 25.4 25.9 6.3 7e) 
| 114 64 90 282 20.6 19.6 785 7.6 
| 
Wag. Berg | 306 60 184 142 25.9 38.8 0.8 0.2 
195 73 143 182 25.6 DON DS) 0.2 
106 80 85 2 TOMNINE236 15.4 2.4 0.2 
Nantes De Goor 831 85 7107 44 30.4 (Sal 1.0 0.7 
565 84 477 59 Dis 11.9 ggf 15 
313 84 263 83 DA, 8.6 54 
Elst 467 65 301 58 (SS 28.6 Dal 6.8 
412 61 O5 62 Sf 28.2 3.1 12 
O5 67 156 81 12.6 15.3 3.6 14.1 
Amsterdam De Goor 623 88 546 33 17.8 9.7 1.0 1I57/ 
Forcing 498 85 422 38 15.8 Dal (tl 1.9 
Elst 392 55 214 43 9.2 | 29.2 3.0 12.6 
296 60 176 42 7.4 O0 2.6 10.3 
Wag. Berg | 550 | 78 427 ND 0.7 
420 79 333 34 KL 18.1 (87) 0.6 


percentage of excessively small roots generally increases, whereas the percentages of 
ramified or cracked roots generally decrease (Table 3). 

The type of soil is another important factor. At Elst, on heavy clay, the percentage of 
usable carrots was lower than on low sandy soil, and mostly also lower than on high 
sandy soil. On heavy clay and on high, relatively dry sandy soil the percentage of 
excessively small roots was high. In addition, the percentages of ramified roots and 
cracked roots were higher on heavy clay than on the two sandy soils, as can be seen 
from Table 3. Table 4 gives a number of cases in which one and the same variety with 
about the same total number of plants was grown in two or three different localities. 
Here the influence of the soil, apart from the total number of plants per plot, is even 
more clearly shown. 
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TABLE 4. INFLUENCE OF THE LOCALITY ON THE PERCENTAGE OF USABLE CARROTS 


| 


Lel £ . ti 
5 Usable roots Natter net onitl 
Sa 
; | D En ! 
Variety Locality E ee EN 5 8 3 En E KS 
hele 8 SO 8 re) S en © as a E (72) Sn 
S Een See 8 5 2.00 ap Eer EZ Sie Sie 
OS EE B > 8D Ie LC De Sg 28 
ao Zo Z tezs Ean ed pe [== Or 
L. SteWi. De Goor 204 81 165 259 41.3 14.4 3.6 0.0 
5 Elst 209 63 132 230 30.4 29.1 6.3 0.7 
ESA \WIE Elst 146 68 99 ZO 294 20.4 | 10.4 1ledl 
k Wag. Berg 149 75 112 206 DS) Oil 2.8 0.0 
Fl. Impr. De Goor 114 82 93 378 Sol 13) 93 4,5 
Wag. Berg 106 80 85 28) 23.6 15.4 2.4 0.2 
Elst 114 64 73 282 20.6 19.6 1E) 7.6 
Adam. Forc. Wag. Berg 388 72 280 34 9.6 26.3 0.6 0.6 
5 5 Elst 302 55 214 43 9.2 OD 3.0 12.6 


Unusable carrots may also result from premature bolting, or off-colour roots and 
impurities in varieties. These causes, however, were of minor importance. 


AVERAGE ROOT WEIGHT 


The weight that can be attained by a carrot greatly depends not only on its genetic 
constitution but also on its environment and “growing period”. 

That this is so appears from the results obtained in trials which were carried out in 
1952. Harvesting was done weekly or fortnightly. The trials were carried out on a 
number of different varieties, and replicated 5 times per variety-harvesting period, 
except for the winter carrots grown at the “Wageningse Berg’. Here the number of 
replications was 3. 

The results are shown in fig. 1. The average root weight is plotted on the vertical 
axis; the numbers of days between sowing and harvest are set off horizontally. The 
earlier varieties were harvested sooner than the later ones, so the curves partially follow 
each other. 

Growing period. As the number of days between sowing and harvest increases the 
curves for the average root weight tend to rise. The curves for Nantes and Flakkeese 
rise more sharply than those for Imperator and Berlikumer B. This may indicate that at 
the moment of harvesting each of the former two varieties was not quite so mature as 
the latter. Consequently, for each variety to reach a relatively high root weight the 
time available for development must harmonize with the time needed for full develop- 
ment. 

Total number of plants per plot. The influence of this factor on the average root 
weight has already been mentioned in discussing the data of Table 3. The average root 
weight tends to decrease as the number of plants per plot increases. This should be 
borne in mind when investigating the influence of the growing period and of the 
locality. 
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AVERAGE ROOT WEIGHT (9) 
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DAYS FROM SOWING TO HARVEST 


FIG. 1. INFLUENCE OF LENGTH OF GROWING PERIOD (DAYS FROM SOWING TO HARVEST), LOCALITY, AND 
VARIETY ON AVERAGE ROOT WEIGHT OF CARROTS. 


GOOR: LOW SANDY SOIL OF GOOD STRUCTURE AND WITH SUFFICIENT MOISTURE. 
ELST: HEAVY CLAY. 
WAG. BERG: HIGH SANDY SOIL. 


Locality. The average root weight of all the varieties grown at “De Goor” for an 
equal period of time was always greater than that of carrots grown at Elst. Carrots 
grown at the “Wageningse Berg”, in 1952, had a still lower average root weight than 
those grown at Elst (only a curve for Nantes). Consequently the rate of growth was as 
follows: De Goor > Elst > Wageningse Berg. 
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Differences in varieties. The average root weight of Flakkeese Improved was highest. 
Next came Berlikumer B, followed by Imperator. Then came Nantes. As will be seen 
from Table 3 the average root weight of Amsterdam Forcing is still lower. 


INFLUENCE OF THE AVERAGE ROOT WEIGHT ON THE YIELD 


If the factors “total number of plants per plot” and “percentage of usable carrots”’ 
are the same, it may be expected that the yield greatly depends on the average root 
weight. This is clearly shown from the results of several trials each sufficiently large to 
include a fair number of selections with about the same total number of plants per plot 
and about the same percentages of usable carrots. In trial 50 PE with 62 strains of 
Amsterdam Forcing this number was 20; in trial 50 PQ with 25 strains of the Nantes 
type it was 7, while in trial 49 PK with 21 strains of Berlikumer the number was 12. 
These selections are represented as dots in Fig. 2. On the vertical axis the yields are 
plotted in kg per 10 m°. The average root weights are set off horizontally as index num- 
bers. These index numbers apply to each separate trial. 


YIELD 
K6/I0M 
2o 


AMSTERDAM FORCING 


FIG. 2. RELATION BETWEEN AVERAGE ROOT WEIGHT 
Pp ee AND YIELD OF THREE CARROT VARIETIES 
WHEN THE FACTORS ‘TOTAL NUMBER OF 
PLANTS PER PLOT’ AND “PERCENTAGE OF 
USABLE CARROTS’ WERE THE SAME. 


THE AVERAGE ROOT WEIGHT IS EXPRESSED 
IN INDEX FIGURES. THE REAL ROOT WEIGHTS 
OF AMSTERDAM FORCING ARE SMALLER THAN 
THOSE OF NANTES AND THESE ARE SMALLER 
THAN THOSE OF BERLIKUMER. CONSEQUENT- 
LY, IN THE HORIZONTAL DIRECTION, THE 
DOTS OF NANTES ARE RELATIVELY MORE 
COMPRESSED THAN THOSE OF AMSTERDAM 

»_FORCING, AND THOSE OF BERLIKUMER MORE 
THAN THOSE OF NANTES. 


EXP 50 PK 


10 80 90 100 UO 120 130 
INDEX AVERAGE 
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It will be seen that the yield increases in proportion to the increase in the average 
root weight. 

As the total number of plants per plot and the percentage of usable carrots are 
respectively not and slightly dependent on the genotype of the plant, one might say 
that the simpliest way of judging the productivity of a variety or strain is by deter- 
mining the average root weight which can be attained in a certain time. 

Of course, the growing period of a variety is also of importance. It is possible to 
grow two successive crops of Amsterdam Forcing in the same time in which one crop 
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can be grown of a winter carrot. In two successive cultures carried out with Amsterdam 
Forcing at “De Goor” in 1953, this variety yielded over 100 kg per 10 m? against 148 
kg of Flakkeese Improved. At “De Wageningse Berg”, where the soil was only friable 
at a shallower depth, the yields were 75 and 85 kg respectively. Here the roots of 
Flakkeese had a less decided advantage over those of Amsterdam Forcing, as they could 
not develop their entire length. 


INFLUENCE OF THE ROOT DIMENSIONS ON THE YIELD 


If it is possible to use the average root weight that can be attained in a certain time as 
an indicator for productivity, the selection for productivity can be carried out at a 
lower cost and more easily than by weighing the plot yields in extensive field trials. 

The conclusion may be drawn, however, that the root length is a still better indicator 
than the average root weight. 

Supposing that the specific gravities of the roots are about the same, then it is 
possible to take the contents of the root instead of its average weight. Now the shape of 
the root may approach that of a cylinder or that of a cone, but the contents are always 
dependent on two quantities, viz. the length and the area of the cross section. If, for 
simplicity, the cylindrical shape is taken as a starting-point, then the contents equal the 
length of the root X zr? (r = radius of the cross section of the root). It can now be 
proved that it does not matter whether one and the same field is planted with wide 
carrots or thin ones, for the sum of all the cross sections is always the same, provided 
the distances between the carrots are always in proportion to the radius (r) or dia- 
meter (2r) of each individual root. This can be proved as follows: 

Let us suppose that the radius of the section of a root —= r cm, and that each root is 
surrounded by an open space of xr cm. If the carrots have been planted in squares, 
each carrot requires a soil surface of (Ur + 2 xr)? = (2 + 2x)? Xx r? cm?. The surface 
area of the cross section of one carrot is nzr?. 

Supposing that the available field is y cm?, then it can contain 


/ 
(2 + 2x)? xr 


5 carrots. 


The total surface of the cross sections of all the carrots on the field equals the num- 
ber of roots Xx the cross section of 1 root, or 


amet ntt ln ele EV 
ORO TO 


The factor r does not figure in this formula. In other words: the total surface area of 
the sections of all the carrots on the plot is independent of the radius or diameter of the 
root, provided the planting distances are in proportion to the diameters of the roots. 

It follows that in a properly cared-for culture the total contents of all the carrots on 
the plot are entirely dependent on their length and not on their thickness. 
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It is possible to imagine the yield of a plot of carrots as the result of the interaction of 
the three factors “total number of plants per plot”, “percentage of usable carrots’’ and 
“average root weight”. 

The “total number of plants” depends on the planting distance used, the germina- 
bility of the seed (better: germination energy) and the germination milieu; also on the 
numbers of young plants damping off. These influences are almost entirely of a non 
genetic nature, so the breeder can do very little about it. But the grower can do all the 
more. As the culture becomes more intensive and the grower more capable the possi- 
bilities of controlling the factor “total number of plants per plot” increase. 

If the germinability is low, the total number of plants is likely to remain too small. 
From a number of trials it was shown that in that case the chance of producing heavy 
crops is also small. If the germinating milieu is unfavourable, even seed of good ger- 
mination capacity may not come up well. In that case too, the result is a reduction in 
yield. The trials have shown that heavy clay can be a much less suitable germination 
milieu than sufficiently moist sandy soil. We know from experience, however, that 
even on a good sandy soil the seed may not come up well if sowing is followed by a spell 
with cold, drying winds. The influence of the germination milieu is also known to 
vegetable growers. They use to sow more seed as the germination conditions become 
less favourable. In addition, much can be achieved by tillage, by maintaining a proper 
moisture degree of the soil and by providing some kind of shelter, if necessary. 

Ás already stated the “percentage of usable carrots”’ is in the first place affected by 
the total number of plants per plot. If the total number of plants per plot increases the 
percentage of excessively small roots increases too, but the percentages of ramified and 
cracked roots decrease. Another factor is the type of soil. The percentages of excessi- 
vely small roots, ramified roots or cracked roots were higher on heavy clay than on 
good sandy soils. Presumably this is a matter of soil structure rather than of the type of 
the soil. It is our experience that, if the heavy clay is of good structure at a sufficiently 
great depth, it is possible to grow a high percentage of fine first-grade carrots on it, 
while on a sandy soil, if it contains layers that can only be penetrated with difficulty or 
if it is too moist or too dry, the percentage of usable carrots may be low. A crop of 
carrots on heavy clay soil is only more risky in that the good structure of clay is more 
readily lost through unfavourable weather conditions or injudicious treatment than 
that of sandy soils. 

It has been stated that there were three causes of the reduction in the percentage of 
usable carrots. As far as our present knowledge goes only one of them (cracking) is 
also affected by genetic factors. At any rate in the varieties investigated by us, no 
genetic influences on the percentage of ramified roots were observed. The percentage of 
excessively small roots is not a genetic characteristic either, provided the specific 
requirements of a variety regarding planting distance and growing period can be ful- 
filled. Of course, diseases may also reduce the percentage of usable carrots. The most 
important affection is caused by the carrot fly, but effective control of this pest is 
possible. The problem of the unusable carrots mainly concerns the vegetable grower. 

Now we come to the “average root weight”, which is a real genetic characteristic. 
However, the root weight that can be attained greatly depends on the growing period, 
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the total number of plants per plot and the environment. In the ecological behaviour 
of the plant genetic factors play again a part. 

If the differences in the specific gravities of the roots are not too great, it is conve- 
nient to consider the length and width of the root and its shape instead of its average 
root weight. It has been show: that the width of a root does not affect the yield, so its 
length and shape are decisive. 

It is self-evident that the length becomes all the more effective as the root shape 
approaches that of a cylinder. But in general we may say that for any particular type 
of carrot the productive capacity of a root is proportionate to its length. Of course, 
productive capacity is one thing and production another, for the development of the 
roots is also dependent on the depth and structure of the soil. If a vegetable grower asks 
what the most productive carrot is, it is in the first instance only possible to answer his 
question by asking another. He would be asked how deep is his soil and what is its 
structure, for there is no sense in growing a long carrot on shallow soils or on soils that 
are bad in structure. On such soils a carrot that is short by nature will be more satis- 
factory. 

It should be noted, however, that even on the best soils the longest carrots are not 
always the best. As a matter of fact, long carrots are difficult to lift. In addition, they 
are bad travellers as they break easily. Therefore the breeder will have to find the best 
compromise between productivity and other requirements. 

From the above the conclusion may be drawn that the length of the root is the sim- 
pliest indicator for its productivity, and that this indicator is only reliable if the carrots 
are grown on soils that are sufficiently deep and of good structure. 


SUMMARY 


1. Judging carrots on genotypical differences in yield is made difficult by many non- 
genetic factors affecting yield. 

2. The yield of a plot of carrots may be imagined as the result of the interaction of the 
total number of plants per plot, the percentage of usable carrots out of this total 
number of plants and the average root weight of the usable carrots. 


3. The total number of plants per plot depends on the planting distances originally 
chosen, the germinability (germination energy) of the seed, the germination milieu 
(type and structure of the soil, temperature, rainfall etc.), and the extent to which 
the young plants damp off. 

4. The percentage of usable carrots is the number of usable carrots expressed as a 
percentage of the total number of plants per plot. It is primarily determined by the 
number of excessively small roots, ramified roots or cracked roots. This number is 
dependent mainly on the total number of plants per plot and the growth conditions. 
As far as our experience goes the genotype has a marked effect only on the sus- 
ceptibility to cracking and presumably also on the resistance to certain unfavourable 
growth conditions. 

5. The average root weight depends on the genetic constitution, the growing period, 
the total number of plants per plot and the environment. The most suitable growing 
period and the reaction to the environment are also dependent on genetic factors. 
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6. In so far as no important differences occur in the specific gravities, then the length 
and width dimensions and also the shape of the root may be considered instead of 
the average root weight. The interaction of the width of the root and the possible 
number of roots per plot does not affect the productive capacity. 

Therefore, the length and shape of the root may be considered as the simpliest and 
most reliable indicators of productive capacity. 


SAMENVATTING 
Opbrengstanalyse van wortels 


|. Beoordeling van wortels op genotypische opbrengstverschillen wordt bemoeilijkt 
door vele niet-genetische factoren, die de opbrengst beïnvloeden. 

2. De opbrengst van een perceel wortels kan worden gezien als het resultaat van de 
interactie van het totaal aantal planten per perceel, het bruikbaarheidspercentage 
van dit totale aantal planten en het gemiddeld wortelgewicht van de bruikbare 
wortels. 

3. Het totaal aantal planten per perceel is afhankelijk van de gekozen plantafstanden, 
de kiemkracht (kiemenergie) van het zaad, het kiemmillieu (grondsoort, bodem- 
structuur, temperatuur, neerslag, enz.), en de mate waarin smeel in de jonge zaai- 
lingplantjes optreedt. 

4. Het bruikbaarheidspercentage is het aantal bruikbare wortels, uitgedrukt in pro- 
centen van het totaal aantal planten per perceel. Het wordt vooral bepaald door de 
vraag of er al of niet veel te kleine, vertakte of gebarsten wortels worden geoogst. 
Dit is in het bijzonder afhankelijk van het totaal aantal planten per perceel en de 
groeiomstandigheden. Voor zover onze ervaring gaat, speelt alleen bij de gevoelig- 
heid voor barsten en vermoedelijk ook bij de resistentie tegenover enkele ongunstige 
milieufactoren het genotype duidelijk een rol. 

5. Het gemiddeld wortelgewicht is afhankelijk van de betreffende genetische aanleg, de 
groeiduur, het totaal aantal planten per perceel en de groeiomstandigheden. In de 
meest geschikte groeiduur en de reactie op de groeiomstandigheden doen genetische 
factoren mee. 

6. Voor zover geen belangrijke verschillen in soortelijk gewicht voorkomen, kunnen 
de lengte- en dikte-afmetingen worden genomen in de plaats van het gemiddeld 
wortelgewicht. De interactie van de dikte van de wortel en het mogelijk aantal 
wortels per perceel is zo, dat het opbrengstvermogen hierdoor niet wordt beïnvloed. 
Daarom kan voor een bepaald type wortel de lengte van de wortel worden be- 
schouwd als de eenvoudigste en tevens meest juiste indicator voor zijn productie- 
vermogen. 
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1. INTRODUCTION 


Heterosis is most frequently defined as the phenomenon which is expressed by an 
increase in size or in some other valuable character in a hybrid as compared with the 
inbred parent lines and which is completely or partly lost after self-fertilization. 

JONES’ dominance hypothesis has been widely accepted as an explanation of hetero- 
sis, whereas in certain cases overdominance may also play a role. For a general dis- 
cussion of the whole problem, reference may be made to HAGBERG (3). 

Heterosis has been demonstrated in a great number of organisms, see e.g. GOWEN 
(1). The use of hybrids in practice, however, has been limited to those crops which may 
be easily emasculated (e.g. corn) or in which male sterility occurs (e.g. onion, beet). 
Cross-pollination by hand may be applied to crops yielding a great number of seeds 
per fruit (e.g. tomato, tobacco). For cabbage, in which self-incompatibility occurs, 
ODLAND and Norr (5) have developed a scheme for breeding hybrids. As far as we 
know no hybrids have yet been produced in this way. 

Atthislaboratory, in 1948, Prof. WELLENSIEK initiated an investigation on heterosis 
in Brussels sprouts. Preliminary experiments were made by Ir L. BRAVENBOER, Ir G. H. 
GERMING and Ir E. DRIJFHOUT, when they were senior students, supervised by Ir K. 
VERKERK, in the period 1948-1953. 

The data reported in the present paper concern some general observations made 
during the experiments and deal especially with cold resistance as an expression of 
heterosis in Brussels sprouts, as studied in 1953-1954. 

This crop belongs to the Brassica group, nearly all species of which are cross- 
fertilizers, whereas self-incompatibility frequently occurs. 


2. MATERIAL AND METHODS 


Two varieties of Brassica oleracea gemmifera, Kolom and Spiraal (further designated 
as K and S) were used throughout the experiments. The seeds were obtained from 
Groente-Selectie-Bedrijf “Nunhem”. A systematic breeding scheme was developed in 
such a way that both varieties were inbred by artificial self-fertilization, while cross- 
fertilizations were made between the inbred lines and also between both original va- 
rieties. The first inbred generation is further indicated as I,, eg, I,K is the progeny of 
Kolom after self-fertilization. 

In all cases pollinations were made by hand as bud-pollination. The flowers were not 
emasculated; after pollination the racemes were enclosed in paper bags, which were 
removed when the corolla petals had fallen. 

Crosses and inbred lines were tested in the field and compared with the original 
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varieties. After harvesting the sprouts, the plants were left in the field and next spring 
pollinations were performed on these plants. 

In order to shorten the period from seed to seed, annual seed growing was also 
performed. To attain this, seeds were sown in January in a greenhouse; during night 
and dark days seedlings were illuminated with a high pressure mercury vapour lamp. 
After having completed the juvenile phase (6) the plants (grown in pots) were put in a 
cold storage room for two months at a temperature of 3-5°C. After fulfilling the cold 
requirement for flower initiation the plants were taken outside where they soon flower- 
ed. In autumn, plants were moved into a greenhouse to obtain more favourable condi- 
tions during the ripening of the seed. 


3. GENERAL OBSERVATIONS 


The results of the pollination experiments can be formulated briefly as follows: Self- 
pollination of K and S plants always resulted in poor seed setting, whereas cross- 
pollination usually yielded a good number of seeds. It is evident from these results that 
in Brussels sprouts self-incompatibility occurs and that bud-pollination is not sufficient 
for good seed setting. The best stage for bud-pollination is thought to be that stage in 
which the yellow corolla petals have not yet appeared. 

When 1, or I, plants were self-pollinated, the seed yield was often much better than 
on K and S plants, so by inbreeding self-fertility increases. This may be interpreted as 
an automatic selection for self-fertility when plants are selfed. 

LK and IS plants always showed reduced vigour. In the yield experiments it was 
observed that sprouts from these plants were very loose, thus inbreeding resulted in 
poor quality. 

A great number of I, and I, plants died before their seeds were ripe; for this reason it 
was difficult to get enough seeds from inbred plants for the yield experiments. In this 
way a selection for vigour was made and it is probable that these vigorous plants can 
stand a cold winter (See section 4). 

In one case a number of albino seedlings was observed, a thing well known after 
inbreeding in other crops. Thus after one or two self-fertilizations all typical aspects of 
inbreeding deterioration may be observed in Brussels sprouts. 

Plants of the heterosis cross I,KxlI,S always showed increased vigour with good 
sprouts, so by crossing the inbred varieties, the lost vigour is restored. In two different 
experiments plants of L,Kxl,S had a significantly higher yield of first quality sprouts 
than K,‚ S, IK and IS. Total yield of the hybrid was not much higher, however. 


4. COLD RESISTANCE 


It was observed in the first experiments that only a small percentage of I,K and IS 
plants could be brought to seed setting because of dying during overwintering in the 
open field, but exact comparisons with other strains were never made. During the 
season 195354 a latin square with seven strains (K, S, LK, LS, KxS, SxK and 
LKxI,S) was planned with 16 plants per plot, so that every strain was represented by 
7 x 16 — 112 plants. Seeds of IK, however, did not germinate well, so much less 
plants per plot of this strain were planted. The sprouts were harvested at the end of 
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November 1953. As the winter of 195354 was rather severe (during the last week of 
January and the first week of February temperature often fell 10 to 15°C below zero) 
all plants were left in the field to see whether there would be any difference among the 


strains in surviving these low temperatures. The results are compiled in the following 
table: 


Straï Total number Number of Percentage of 
rain ee ls 
of plants surviving plants surviving plants 

K 12 7 6% 

S 12 3) 3% 

LK 30 D 1% 

LS 105 20 19% 

KxS 1 45 41% 

SxK 112 32 29% 
LKxLS 12 UD 67% 


From this table it is clear that there is a heterosis effect for cold resistance. Both 
varieties K and S had the lowest percentages of surviving plants, followed by I,K and 
IS, KxS and SxK, and finally I,KxI,S. The photographs 1 to 4 show representative 
plots of the strains K,‚ S, KxS and 1, KxI,S. 

It may be remarked that the difference in percentage of surviving between I,KxI,S 
and all other strains was highly significant. It is somewhat striking that K and S had a 
lower percentage of surviving plants than I,K and I,S. However, only the difference 
between S and 1,S was significant. This may be explained as follows: The inbreedings 
LK and LS were performed on overwintered plants, so on plants unconsciously 
selected for cold resistance. Moreover, a number of L,K and I,S plants died in the field 
in 1953; the dead 1,S plants could be replaced by other plants, so less vigorous plants 
were removed (which may also be thought to be less cold resistant). If this factor is 
taken into consideration there is probably no difference between the varieties and their 
inbreds. 

It is suggested that the surviving plants are dominant for a number of factors con- 
trolling cold resistance, whereas one variety contains a set of dominant factors for cold 
resistance different from the other. So by crossing K and S these different factors are 
combined and the result is a higher percentage of surviving plants than in the parent 
varieties (compare K, S, KxS and SxK in the table). As mentioned in section 3, gener- 
_ally only a small number of IK and 1,S plants survived till seeds were ripe. It may be 
expected that these surviving plants are more cold resistant than those of the varieties 
K and S. Then it is not surprising that the crossing between these inbreds, giving the 
_L,KxI,S seeds used for this experiment, shows a higher percentage of surviving plants 
than KxS and SxK. 


5. DISCUSSION 


Though heterosis has been described in many crops, most of these cases concern 
height, yield, quality, efc. A case of heterosis in relation to cold resistance (combined 
with resistance to drought) is briefly mentioned by HAGBERG (2, p. 337) in winter 
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Photographs showing representative plots of the yield experiment (latin square) 
195354, after overwintering. Photographs taken 30th June 1954. 


Fro. 1. VARIETY KOLOM (K). ONLY 1 OUT OF 16 PLANTS SURVIVED. 


Fi. 2. VARIETY SPIRAAL (S). ALL 16 PLANTS DEAD. 
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“Fie. 4. Cross L,KXxI,S; 13 OUT OF 16 PLANTS SURVIVED. 
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wheat crosses. Though he does not give exact data he remarks that out of 30 different 
crosses “in about one third of the combinations, F‚ was hardier than both parents”. 
The data presented in this paper clearly show that in Brussels sprouts heterosis may 
lead to cold resistance. 

It may be concluded that in Brussels sprouts there are good possibilities for breeding 
hybrids, if one looks for good combining ability. 

Especially quality improvement may be an important practical factor. Also cold 
resistance may be important, since Brussels sprouts may suffer from frost damage, as 
in the winter 1953-1954. 

For breeding hybrids on a large scale male sterility might offer assistance. Unfortu- 
nately male sterility has not yet been reported in Brassica species (4). 

The scheme developed by ODLAND and Norr (5) for Brassica and based on self- 
incompatibility in and eross-compatibility between the inbred lines would also be 
applicable to Brussels sprouts. As vegetative propagation of Brussels sprouts is quite 
easy, inbred lines could be vegetatively propagated. However, it will be rather difficult 
to distinguish clearly between the different S-alleles and even if this was possible it 
would take a long time before a hybrid could be developed for practical use. 


SUMMARY 


Experiments on heterosis in Brussels sprouts are described. The plants obtained 
after inbreeding showed reduced vigour and gave sprouts of poor quality. The heterosis 
cross yielded sprouts of a better quality than the original varieties. After the severe 
winter 195354, it was observed that a heterosis effect for cold resistance also exists. 
These results are discussed and interpreted according to Jones’ dominance hypothesis. 


SAMENVATTING 


Heterosis bij spruitkool, speciaal met betrekking tot kouderesistentie . 


Proefnemingen over heterosis bij spruitkool zijn beschreven. De door inteelt ver- 
kregen planten hadden minder groeikracht en leverden spruiten van slechte kwaliteit. 
De heterosis-kruising gaf spruiten van betere kwaliteit dan de oorspronkelijke rassen. 

Na de strenge winter 1953-”54 kon worden vastgesteld, dat een heterosis-effect voor 
kouderesistentie bestaat. Deze resultaten worden besproken en verklaard met behulp 
van de dominantiekoppelingstheorie van JONES. 
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1. INTRODUCTION 


In our first article (5) some preliminary results have been published about the genet- 
ical background of the resistance to the potato root eelworm in crosses between 
resistant andigenum-seedlings and in andigenum-tuberosum crosses (AT). 

A dominant gene H was found that governs the resistance in a tetraploid scheme, 
and some segregations suggested the existence of two more genes, K and L, that give 
resistance only, when both are present. 

New data concerning the inheritance of resistance were obtained in 1954 and these 
are presented below. 


2. METHODS AND MATERIALS 


The methods used for testing the resistance were the same as described in 1953. 
However, besides plants grown from true seed, during the autumn of 1953 and the 
winter of 1953/54, a large series of plants grown from tubers were tested for the 
breeding work. 

Äs the data on resistance should be available before the end of March, it was 
necessary to break the dormancy of several thousands of tubers. For that purpose they 
were stimulated by treating them with rindite gas for 24 hours. After this treatment the 
tubers were kept for 10 days at 25°C for sprouting (1, 6). As a result of the first treat- 
ment 40-60 % sprouted and were planted. out in pots of 8 cm diameter with heavily 
infested soil. The tubers that remained dormant were treated once more and after this 
second treatment, only 1-3 %/ of the material required stimulation for the third time. 

From each clone only one or two tubers were used for testing. From October to 
February artificial light was given by means of a Philips high-pressure Mercury vapour 
lamp (type HP 2000) at 450 Watt per 1.3 m?. At eight weeks after planting the cysts 
were clearly visible. 

Though theoretically segregations of the first backcross (ATT) could be expected to 
show the same ratio resistant: susceptible as the andigenum-tuberosum (AT) cross, a set 
of first backcross seedlings was raised and tested during the winter to be sure of the 
percentage of resistant seedlings, before distributing the ATT seeds to the private 
breeders. 

For this purpose, seeds harvested in October must be sown out in the beginning of 


1) For convenience sake AT stands for F‚-seedlings of the reciprocal crosses of the species Sol. 
andigenum and Sol. tuberosum. For the same reason the four backcrosses ATS ese A Te DAS 
and T Xx TA are indicated with ATT. 
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December, at a time when the germination capacity is still very low. Therefore, the 
seeds were soaked in water for 12 hours and subsequently dissected in the vicinity of 
the coleoptile (the sharp pointed end). Such seeds, sown out in a moist chamber, 
germinate within some hours and, transplanted in soil after a few days, produce 95 
100 % seedlings (2). 


AT-CROSSES 


1. Segregations in resistant and susceptible seedlings AT-generation 
In 1953 a new series of AT-crosses was made in order: 


a) to find out the genotype of a number of new resistant seedlings of the C.P.C. clone 
KOS) 

b) to test the supposition that the excess of susceptible seedlings, found in 1953, could 
be a result of spontaneous crossing or selfing of the susceptible tuberosum-parents. 

€) to test some more resistant seedlings of the clone C.P.C. 1685 which was supposed 
to have the genotype KL. 

d) to study the genetic background of the andigenum-clone Potozi 7, that was found to 
be resistant in 1952. 


The results of the testing are presented in the Tables 1, 2 and 3. 


FIELD SEGREGATION IN AT-CROSSES GROWN IN THE SUMMER OF 1954 
(Splitsingsverhoudingen in AT-kruisingen te velde, opgekweekt in 1954) 


TABLE |. 


oe) 5 
Be! Theoretical numbe 
Number of seedlings | &S of Beedle ne the 
berde (Aantal zaailingen) EE (Theoretisch aantal resistant parent 
Cross combination 28 zaailingen) (dominant genes 
(Kruisingscombinatie) DOS only). 
resistant susceptible 8 3s resistant |susceptible (MOREE 
(resistent) | (vatbaar) ZS (resistent) | (vatbaar) samenstelling) 
Phs eel618 79 17 Op 80 16 HH 
1673-27 X Libertas 28 9 Suse 31 6 HH 
Rode Star Xx 167324 48 U Send 46 9 HH 
Saskia x 167324 98 24 Sel 102 20 HH 
Alpha xX 16851 65 13 Sel 65 13 HH 
Rode Star Xx 16851 31 6 Susa 31 6 HH 
Total sss ad Re ee 349 76 354 71 He ON 42NBON0 
Voran x 16738 50 40 Ow el 45 45 H 
1673-29 Xx Libertas 18 22 (eel 20 20 H 
Alpha Xx 16854 31 23 lead Di Dl H 
Lotalmst ne ANR 99 | 85 92 92 =O 6D 
P:0.5-—0.3 


From this data it is apparent that: 
a) the newly tested seedlings 1673-27 en 1685-1 are duplex and that 1673-29 and 1685- 


4 are simplex. 


1) C.P.C. means Commonwealth Potato Collection. 
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b) contrary to what we found in 1953 with seedling 15 of the clone C.P.C. 1685, there 
is no indication of the presence of the genes K and L in the seedlings 1, 4 and 8 from 
which results are available this year. 

c) there is no excess of susceptible plants. The varieties Rode star and Saskia are 
pollen sterile and were planted out in an isolated garden far from fertile potato 
pollen. The seed of these crosses cannot have originated but by fertilization with 
andigenum pollen. These data, therefore, strengthen the opinion that contamination 
may have been the cause of the deviations from the theoretical ratios in the crosses 
made in 1952. 


2. Percentage of resistant plants in the first clonal generation of the AT material 
selected for tuber quality 

In the summer of 1953 about 20,000 AT seedlings were raised in the field on healthy 
soil; 1,500 of these were selected for further trial by virtue of good commercial 
qualities. During the winter of 1953/54 the resistance of these selected clones was 
determined. 

The outcome of the testing is shown in Table 2. Only cross combinations with more 
than 25 seedlings are recorded. 


TABLE 2. SEGREGATIONS OF THE FIRST CLONAL AT-GENERATIONS, SELECTED FOR GOOD TUBER QUALITIES 
(Splitsingsverhoudingen van de geselecteerde eerstejaars AT-zaailingen) 


Number of seedlings Number of seedlings 
er (Aantal zaailingen) PE (Aantal zaailingen) 
Cross combination Cross combination 
(Kruisingscombinatie) resistant |susceptible (Kruisingscombinatie) resistant | susceptible 
(resistent) | (vatbaar) (resistent) | (vatbaar) 
nulliplex X duplex nulliplex X simplex 
(O Xx HH) (OPE) 
Sictemas Gl67S lenen 183 74 Sirtema X 16733 .. 33 28 
Record X 16731 ... 45 13 Sirtema X 16735 .. 31 30 
Sirtema X 167318. . . 99 13 Sirtema X 16738 .. 150 114 
Record X 167318. . . 53 7 Record X 1673-8 .. 38 44 
Sirtema X 167324 .. 48 15 Sirtema X 167320. . 154 163 
Furore X 1673-24 . . 25 8 Record Xx 1673-20. . 62 51 
NEO CALS a Ted 387 130 Totalsei ee Ee 468 430 


The results of these tests closely agree with the ratio resistant: susceptible found in 
the random seedlings from which the selection was made (Euphytica 2, 1953, p. 183, 
Table 3). To the relief of the breeders, selection for good tuber quality does not lessen 
the percentage of resistant plants. Therefore there is no reason to suppose a positive 
correlation between resistance and the undesirable characters of the andigenum parent. 


3. Segregations in AT crosses with the andigenum-parent Potozi 7 

In 1952, among 200 samples from Bolivia, the clone Potozi 7 proved to be the only 
one sufficiently free from cysts to merit its value in breeding work. This clone appeared 
to have 48 chromosomes and crossed freely with tuberosum varieties. It apparently 
belongs to the species Solanum andigenum. 
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In 1953, many seeds of crossings with tuberosum-varieties were obtained, and in 1954 
we investigated the inheritance of the resistance (Table 3). 


TABLE 3. SEGREGATIONS IN AT CROSSES WITH THE ANDIGENUM-PARENT: POTOZI 7 
(Splitsingsverhoudingen in kruisingen van tuberosum-rassen met S. andigenum Potozi 7) 


Number of seedlings 
: (Aantal zaailingen) 
Cross combination 
(Kruisingscombinatie) resistant non classifiable seedlings susceptible 
(resistent) (niet te classificeren zaailingen) (vatbaar) 

Aquila xX Potozi 7 20 8 29) 
Capella RES 20 / 19 
Furore Be ern PO 16 12 2) 
S VERS AOASO EE 15 8 20 
Urgenta EEE ll 20 15 16 
1257 SM 20 5 24 


The classification of these seedlings was difficult and no plant was absolutely free 
from cysts. On a relatively large number, only one to five could be discovered. Of an 
equal number the potballs were crrowded with cysts. These two groups, resistant and 
susceptible, are quite clearly defined. However there was a third set of plants with such 
numbers of cysts that classification was impossible. 

With the equal numbers of resistant and susceptible plants, one is tempted to suggest 
the presence of the gene H. 


AT X T CROSSES 


In outlining the cross breeding programme for 1953 we realized that, to all appear- 
ances, varieties of commercial value among the AT seedlings would be of very rare 
occurrence! In spring a series of resistant, but otherwise random AT seedlings, was 
grafted on tomatoes for crossing during summer, with varieties and with parental 
material containing genes for Phytophthora resistance. In all, about 80,000 ATT seeds 
have been sown out by the practical breeders in the spring of 1954. 


In December 1953 a quantity of seed of these crosses was sown out in order: 


a) to be sure of the percentage of resistant seedlings before using the seed for practical 
breeding on a large scale. 

b) to find some of the duplex AT plants that must occur among the F, seedlings of the 
nulliplex-duplex cross, Record x 1673-1. Such plants are of especial value in the 
breeding work as they produce 5 resistant seedlings out of 6 when crossed to 
varieties. 


The plants of this winter-testing could be classified in the end of February. The 
results are presented in Table 4 together with the outcome of the testing of a limited 
series of ATT seedlings in the field. 


t) The first clonal generation of the AT seedlings that have been selected in 1953 is harvested now. 
The above supposition has been confirmed, however, some of the few seedlings selected for further 
trial are very promising. 
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TABLE 4. SEGREGATIONS IN RESISTANT AND SUSCEPTIBLE SEEDLINGS IN ATT-SEEDS 


(Splitsingen in resistente en vatbare zaailingen in ATT-zaaisels) 


Results of testing during the winter Results of testing in the field 
of 1953/54 during the summer of 1954 
(Resultaten van het onderzoek in de Resultaten van het onderzoek 
winter 1953/54) op het proefveld in de 
Cross combination E ZOT 
(Kruisingscombinatie) number of seedlings numbers of seedlings 
(aantal zaailingen) en (aantallen zaailingen) 
resistant susceptibie A resistant susceptible 
(resistent) (watbaar) (resistent) (watbaar) 
(Record Xx 16731) 
mr GAT De an 36 34 (leaá| 
kai 14 17 }sSrá| 
RTE 54 58 | 
=O Tes 44 41 meed 18 20 
NTM DAE 49 40 Aser 
—-_8XT. 48 52 ík 8 il 
Md IE 29 33 teal: 
rl ed ie 13 15 {sei 20 16 
13 XT. 22 26 ded 
20 XxX T. 33 33 1e! 
2e. 27 26 lier 24 23 
30 X T . 13 13 les 
33 XT. 67 62 (eel 
39 Xx T. 20 15 1801 
Red en 18 14 ill 
47 XT. 18 25) EER 
LOCAL Ere PE ren 505 502 62 59 
ACOre tica 503,5 503.5 60.5 60.5 
Totals of summer and winter tests: 567 resistant, 561 susceptible 
(Record Xx 16731) 
KD 42 8 Sel 
PE DE 28 8 Sel 
NN ot 17 4 Sal 
Ee 102 {C7/ Sl 58 19 
Totalm 189 37 58 19 
Theoretical … 188.4 37.6 64.2 12.8 


Totals op summer and winter tests: 247 resistant, 


*) _T stands for tuberosum varieties. 


56 susceptible. 


When the crosses are arranged according to the ratios 1 : l and 5 : l and summa- 
rized, thesegregations are very well in agreement with these. Out of 20 resistant seedlings 
of the cross Record x 1673-1 four appear to be duplex, which is in good agreement 
with the expectation of one duplex out of five resistant plants. 

The results of testing during the winter in a glasshouse, are in good accordance with 


those from testing in the field during summer. 
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3. DISCUSSION 

Data from AT and ATT crosses raised in 1954 strongly support our theory, that in 
the clone C.P.C. 1673, the resistance to Heterodera rostochiensis is governed by the 
dominant gene H in a tetraploid scheme. In 1953, the crosses were made with much 
more precautions than in 1952, in order to avoid contamination, and as a consequence, 
the segregations were much more in agreement with theory than they were in 1953. In 
fact they are so close to the expectations 5 : l and 1 : 1, that they suggest that chromo- 
some and not chromatid segregation takes place at meiosis (4). 

In 1953 all three crosses with seedling 15 of the C.P.C. clone 1685 segregated into 
resistant and susceptible in the ratio 1 : 3, indicating the presence of two independent 
genes Kand L, giving resistance in combination. However, new data from crosses with 
three other seedlings of this clone, clearly show the ratios 1 : l and 5 : 1, proving that 
one dominant gene is instrumental, as in C.P.C. 1673, which may be identical with H. 
This year new crosses with seedling 15 were made to study the causes of this contro- 
versy. 

The composition of the AT crosses of the andigenum clone Potozi 7 cannot be ex- 
plained by the simple assumption of the gene H, though it may be present. 

There may occur genes in Potozi 7 that lessen the effect of H, enabling a small 
number of female nematodes to mature. It is possible also, that there exists a series of 
allelomorphs of H or genes at different loci, depressing in various degrees the matu- 
ration of the females. It is interesting to note that, in rare cases among the AT and 
ATT seedlings derived from C.P.C. 1673, one or two cysts are encountered on the 
rootballs of the resistant plants. On plants derived from C.P.C. 1685, a few more cysts 
are found in less rare cases. However, in both cases there are no difficulties in classifi- 
cation, as with the hybrids from Potozi 7 (see Table 3). 

When considering these facts, one realizes that resistant andigenum clones may be 
found showing even more non-classifiable plants among their AT hybrids and bridging 
the gap between the “resistant” and “susceptible” plants to such a degree, that the 
situation would not be very different from that found by GOFFART and Ross in the 
cross Solanum vernei X tuberosum, in which a very gradual transfer was ascertained 
from plants without cysts to plants with many cysts (3). 

When genes with a depressing effect of H exist, one would think that they are present 
in Solanum tuberosum also, exerting some influence in the AT and ATT crosses. 
However, in all the material derived from C.P.C. 1673, we never met a single plant 
that could not be classified with full conviction. So either all the varieties we used in 
these crosses were free from such depressing genes or such genes do not exist at all. 

An argument against the theory of allelomorphs of H is the fact, that Potozi 7 was 
free from cysts itself when tested in 1952. Without more facts at our disposal, there is 
not much sense in further discussion at the moment. 

In our first publication, the nature of the few cysts on H-plants derived from C.P.C. 
1673 was discussed. The fact that such cysts are noted in a slightly greater quantity on 
the resistant AT-hybrids derived from C.P.C. 1685 and much more in those of Potozi 
1, gives support to the suggestion that these few cysts are not genetically different from 
the females that do not attain this developmental stage. 

The activity of the gene H in C.P.C. 1673 seems to be so great that, only in very few 
cell complexes of resistant plants is the effect insufficient to prevent the maturation of 
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the females. The total effect of the gene (or genes) for resistance in 1685 is slightly less 
and in Potozi 7 even weaker, so enabling the maturation of correspondingly more cysts 
in the resistant hybrids of both these clones. 


4. SUMMARY 


During the winter of 1953/54 and in the following summer, additional data concern- 
ing the inheritance of resistance to the potato root eelworm have been obtained. These 
data strongly support the theory that the resistance in each of the andigenum clones 
C.P.C. 1673 and 1685 is governed by one dominant gene with a major effect in a 
tetraploid scheme. Whether these genes are identical remains to be proved. 

In first backcross seedlings (AT x T) of the clone C.P.C. 1673 the same ratios re- 
sistant: susceptible (1 : land 5 : 1) have been found as in 1953 in the AT crosses. 

A genetical analysis has been made of 20 resistant AT seedlings by backcrossing 
them to potato varieties (nulliplex). In close agreement with the theoretical ratio H : 
HH — 4: lin the resistant material, four duplex (HH) plants have been recognized. 

Among the AT seedlings selected for commercial characters, the percentage of 
resistant seedlings was the same as in the random material from which they were 
selected. 

The nature of the few cysts occurring on resistant plants was discussed in connection 
with the results of the testing of the AT plants, derived from crosses with the resistant 
andigenum clone Potozi 7. 


5. SAMENVATTING 


Het kweken op resistentie tegen het aardappel-cystenaaltje 


II. In het jaar 1954 vastgestelde gegevens over de erfelijkheid van de resistentie in 
andigenum-tuberosum kruisingen 


De in 1954 verkregen resultaten van proefnemingen over de erfelijkheid van de 
resistentie tegen het aardappelcystenaaltje werden samengevat. Daarbij kon de door 
ons in 1953 opgestelde theorie, dat de resistentie in de cloon C.P.C. 1673 berust op één 
dominant gen H in een tetraploid schema, volledig worden bevestigd. 

De splitsingen onder de terugkruisingen van deze cloon met aardappelrassen ver- 
toonden dezelfde verhoudingen als die in 1953 in de AT kruisingen werden vastgesteld. 
Onder 20 resistente AT zaailingen werden vier duplex planten gevonden (theor. ver- 
houding H: HH =4: 1). 

Selectie van het kweekmateriaal op economisch belangrijke eigenschappen bleek 
van geen invloed te zijn op het percentage resistente planten. Deze conclusie moet voor 
de praktijk van het kweekwerk van groot belang worden geacht. 

Op grond van de resultaten van de toetsing van AT zaaisels af komstig van zaailing 
15 van cloon C.P.C. 1685 werd in 1953 de aanwezigheid van twee genen Ken L ver- 
ondersteld, die in samenwerking resistentie bepalen. De resultaten van een onderzoek 
van drie andere zaailingen van deze kloon, steunen deze opvatting niet, maar wijzen, 
evenals bij kloon 1673, op de aanwezigheid van slechts één dominante factor. Verdere 
proeven moeten uitmaken, welke de oorzaak van de afwijkende splitsingsverhoudingen 
in 1953 was. 
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De AT zaaisels van de resistente kloon Potozi 7 gaven een afwijkend beeld te zien. 
Wel konden twee groepen worden onderscheiden, nl. resistent en vatbaar, maar er 
bleven planten over met een zodanig aantal cysten op de potkluit, dat ze niet te classi- 
ficeren waren. Niettemin wordt ook hier voorlopig ter verklaring een dominant gen 
aangenomen. 

Naar aanleiding van de waarnemingen aan deze AT zaaisels en van de omstandig- 
heid dat er ook in de nakomelingschap van C.P.C.1673 en C.P.C.1685 onder de resis- 
tente planten voorkomen met een enkele cyste (bij 1685 meer dan bij 1673) werden 
enkele verklaringsmogelijkheden gegeven. Nader onderzoek zal uitsluitsel moeten 
geven. 
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1. INTRODUCTION 


Some years ago a project was started to breed an evergreen yellow-flowering rhodo- 
dendron which would be hardy in the Dutch climate. It was planned to use a white- 
flowering evergreen rhododendron (R. catawbiense MicHx f. album hort.) as the mother 
plant and a yellow-flowering deciduous azalea of the R. japonicum Sur. Xx _R. molle G. 
Don group as the father plant, and to apply the method of repeated backcrossing. 

We realized from the start that apart from sterility barriers the greatest practical 
difficulty of the project would be the amount of time required. Azaleas as a rule flower 
four years after sowing; rhododendrons take 6 years or more. It is clear that even if the 
goal should be reached in an unexpectedly small number of generations the whole 
program would still take a great deal of time. Our first concern has been therefore to 
reduce the length of time required for a generation. 

On the assumption that to initiate a flower the seedling must first have a sufficient 
size we made some preliminary observations on growth of rhododendron plants. It 
appeared that in June there is a period of a few weeks of rapid growth, occasionally 
followed in vigorous plants by a second period later in the summer time. During the 
rest of the year the plants are at least outwardly dormant. 

We have concentrated on this dormant period. First the dormant period of adult 
plants of Rhododendron catawbiense was studied. When a treatment to stimulate these 
into new growth had been found this was applied to seedlings of R. catawbiense, 
azalea, and their hybrid. Our observations on growth and flower initiation time will be 
briefly reported here. 


2. BUD DORMANCY IN ROOTED CUTTINGS OE RHODODENDRON 


Preliminary experiments with flower buds of several species of Rhododendron had. 
shown that these do not require low temperature to break dormancy but as a rule react 
strongly to long day (1). This appeared to be a good method for breaking dormancy of 
vegetative buds also. 

Two experiments were conducted which yielded similar results. We will restrict our- 
selves to the data obtained from the second experiment, since in the first one the tem- 
perature, although on the whole around 15°C, varied between 12 and 26°C which 
affected the reliability of the results. 

The second experiment began on December 1, 1954. There were 5 groups of 16 plants 
each of Rhododendron catawbiense album. They received 8 hrs of daylight supplemen- 
ted by artificial light during 0, 4, 8, 12 and 16 hrs, respectively. This light was supplied 
by incandescent lamps of 60 Watts, the radiant energy being 300-600 u. W/cm? 5. 
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TABLE 1. GROWTH OF RHODODENDRON CATAWBIENSE ALBUM AT 25° C IN DIFFERENT DAYLENGTHS 


Photoperiod First leaf unfolded after Number of leaves on first shoot 
Si his en NIE 74.8 + 4.8 days SORE0 
1 re ee EN IEN on 5.5 + 0.3 
ORE Neen oe 412408 „ 64 + 0.4 
20 et Ee NE 38.9 +09 „ 7.1 + 0.5 
ZAAN EEA: 29,9 1.0 9.0 + 0.4 


The results summarized in Table 1 clearly show that the photoperiod affects both the 
speed of sprouting and the number of leaves unfolding. At-25 °C eight hours appears to 
be about the critical daylength; sprouting was erratic, one plant still being dormant 
when the experiment had to be discontinued after 100 days. At lower temperatures the 
critical photoperiod is longer; in the first experiment all the plants in 8 hrs and all but 
one of the 12 hr group remained dormant. 

Under none of the conditions tested was growth continuous, but several plants 
formed a second shoot, the interval between the first and second period of growth being 
about as long as the time between the beginning of the treatment and the start of first 
growth. However, many buds now began to lag behind and experience with seedlings has 
shown that four or five periods of growth per year appear to be the maximum attainable. 


3. GROWTH OF SEEDLINGS 


3.1. Rhododendron catawbiense 

Seed was sown in February 1951. Until September 1953, the plants were grown in a 
greenhouse where from September until May the natural day was extended to 18 hrs 
with 60 Watt incandescent lamps. From September 1953 until May 1954 the plants were 
kept in an unheated greenhouse in natural daylength, after which they were planted 
in the open. During the summer of 1954 flower initiation occurred in 27 out of 30 
plants, most of them forming more than one (even 5 or 6) flower buds. This means that 
these plants will flower profusely 5 years after sowing. No doubt this period could be 
reduced at least one more year if the plants are kept in the greenhouse in a photoperiod 
of 18 or more hours, throughout. However, this preliminary experiment could not be 
repeated immediately as the seed of the 1952 harvest was not viable. A second experi- 
ment is now under way (photo 1, the two plants on the left). 


3.2. Azalea 

Seed of the variety “Hugo Hardijzer’ was sown on March 31, 1953. The seedlings 
were kept in a greenhouse at a temperature of about 15°C during winter and with a 
variable temperature during summer. The natural day was extended to 24 hrs by weak 
incandescent light. Lateral shoots were removed as soon as they developed. In May 
1954 part of the plants were planted in the open. Of the 10 plants that remained in the 
greenhouse 7 initiated flowers during the summer of 1954; they flowered at irregular 
intervals during the following autumn and winter, one year and 9 to 12 months after 
sowing (photo 1, the two plants in the middle). Of the 30 plants outside, 12 formed 
flower buds; they will flower 2 years and 2 months after sowing. 
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Fi. 1. FROM LEFT TO RIGHT: TWO SEEDLINGS OF Rhododendron catawbiense album, TWO SEEDLINGS 
OF AZALEA “ANTHONY KOSTER?’ AND TWO OF THEIR HYBRID, GROWN AT 15-20° C AND NATURAL 
DAY EXTENDED TO 24 HRS BY WEAK INCANDESCENT LIGHT. TOP: ONE YEAR AFTER SOWING ; 
BOTTOM: TWO YEARS AFTER SOWING. THE SCALE INDICATES THE HEIGHT IN CM. ONE OF THE 
AZALEAS SHOWS A FLOWER BUD; THE OTHER HAS ALREADY FLOWERED 
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Fio. 2. HYBRID SEEDLINGS OF Rhododendron catawbiense album AND AZALEA “HUGO HARDIJZER’ 
GROWN AT 15-20° C AND NATURAL DAY EXTENDED TO 18 HRS BY WEAK INCANDESCENT LIGHT, 
TEN MONTHS AFTER SOWING. NOTE IRREGULAR GROWTH, THE MAJORITY OF THE PLANTS BEING 
DWARFISH 


Fi. 3. HYBRID SEEDLINGS OF Rhododendron catawbiense album AND AZALEA “ANTHONY KOSTER’ 
(LEFT) AND “COLONEL DURHAM®’ (RIGHT) THREE YEARS AFTER SOWING. TREATMENT THE SAME 
AS THAT IN THE PLANTS OF PHOTO 2 


3.3. Hybrid seedlings 


In 1951, mother plants of Rhododendron catawbiense album were emasculated and 
pollinated by three azalea varieties: “Colonel Durham”, “Anthony Koster” and“ Hugo 
Hardijzer”. The seed set was satisfactory. The seed was sown in March 1952. Germina- 
tion was good but the majority of the seedlings showed dwarfish growth (photo 2). As 
these were gradually discarded, only 8% of the seedlings were left at the end of the 
second summer. The plants had been in the greenhouse at a daylength of 18 hrs, 
except for the summer of 1953 when they were moved to a shaded frame outside from 
May 25 until September 23. This proved to be a mistake; none of the plants showed 
any growth while in this frame. In September 1954, two years and seven months after 
sowing, 25 out of 167 plants had formed a flower bud. In October the first flower 
opened. Flower initiation continued during winter but at a low rate and in 8 plants 
only. The number of plants that had initiated a flower three years after sowing was as 
follows: 


TABLE 2. PHASE OF DEVELOPMENT OF HYBRID SEEDLINGS OF RHODODENDRON AND AZALEA 3 YEARS 
AFTER SOWING 


Number of plants 
Father plant > : 
vegetative generative total 
A. “Hugo Hardijzer’ 69 10 79 
A. “Anthony Koster’ 85 18 53 
A. “Colonel Durham” .. 30 5 35 
Motalen 134 83 167 


In 1952 the same pollinations were made but little seed was set. It was sown March 
31, 1953 and yielded 50 plants. Profiting from previous experience we kept them in the 
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greenhouse throughout while the natural day was extended to 24 hrs by weak incan- 
descent light. The plants are doing much better than their predecessors, although they 
too are a heterogeneous lot, a third of them being extremely dwarfish. Judging by size, 
another third of them may initiate flowers in 1955 (photo 1, the two plants at right). 


4. DISCUSSION 


When a homogeneous group of plants like the rhododendron cuttings are trans- 
ferred from short to long day, only the first response is rather uniform. In the second 
and subsequent periods of growth in continuous long day the individual differences 
become more and more pronounced. If this treatment is applied to the very heteroge- 
neous hybrid seedlings, even the initial growth responses are very variable. 

The total effect of the treatment is that the majority of rhododendron and the most 
vigorous hybrid seedlings show four periods of growth per year. This means they grow 
about twice as fast as seedlings grown in the greenhouse in natural day, and as juveni- 
lity in these plants appears to be closely linked to size the treated plants also flower 
about twice as fast as the controls. In azalea seedlings the treatment had a similar 
effect but they differed from the above in that in continuous light the plants grew un- 
interruptedly for about two months during May and June of the second year. 

Optimal results have been obtained when the plants were grown in the greenhouse at 
a photoperiod of 24 hrs. Lateral shoots should not be allowed to develop. The young 
growth should be carefully shaded against strong sunlight. 

There are probably not many woody plants to which the long day treatment can be 
applied with equal success. In several species growth is extended or even continuous 
when the photoperiod exceeds a minimum length. However, rhododendron and 
azalea are among the rare cases in which the plants remain healthy and vigorous in 
the low light intensity of dull winter days. On the other hand light intensity probably 
plays a role in the initiation of flowers as buds are formed quicker and in greater 
number in summer, temperature and day length being the same. 


SUMMARY 


1. If dormant buds of Rhododendron catawbiense album are subjected to long days 
the buds break after a number of days that decreases with increasing photoperiod 
(Table 1). 

2. Plants of rhododendron (R. catawbiense), azalea (R. japonicum X _R. molle) and 
their hybrid could not be induced to continuous growth by 18 or 24 hr days. However, 
when kept in a very long photoperiod at 15 to 20°C the number of growth periods was 
increased, the majority of the plants growing about twice as fast as plants grown in 
natural day. 

3. The long day treatment has been applied to seedlings of azalea, the first of which 
flowered 1 year and 9 months after sowing, and to hybrids of azalea and rkododen- 
dron, the first of which flowered 2 years and 9 months after sowing, approximately 
twice as fast as without this special treatment. Preliminary experiments with rhododen- 
dron indicate that with this plant a similar reduction of time to flower can be obtained. 

4. A method is being developed by which the treatment mentioned can be used to 
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reduce the time between the generations and thereby shorten the time required for a 
breeding project involving the species mentioned. 


SAMENVATTING 


Verkorting van de generatieduur van Rhododendron 


1. Wanneer rustende bladknoppen van Rhododendron catawbiense album aan een 
lange dag worden blootgesteld, openen zij zich na een periode die des te korter is 
naarmate de dag langer is (Tabel 1). 

2. Uitgaande van deze waarneming werd getracht de groei van zaailingen van Rhodo- 
dendron catawbiense album, van Azalea’s uit de R. japonicum x R. molle groep en 
van de F, van deze gewassen te versnellen en zodoende de eerste bloei te be- 
spoedigen. 

3. Geen der genoemde gewassen vertoont bij een photoperiode van 18 of zelfs 24 uur 
en een temperatuur van 15-20 °C onafgebroken groei. In vergelijking met de 
natuurlijke daglengte wordt echter wel het aantal groeiperioden per jaar ongeveer 
verdubbeld, en de duur van de vegetatieve jeugdphase wordt tot ongeveer de helft 
teruggebracht. 

4. Er wordt thans een methode ontwikkeld om door deze behandeling de generatie- 
duur en daarmede de voor een veredelingsprogramma benodigde tijd te bekorten. 
Ook bij het opkweken van zaailingen in het algemeen zou een behandeling met 
lange dag gedurende het eerste winterhalfjaar wellicht goede resultaten geven. 
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HISTORICAL INTRODUCTION 


There has been considerable interest in the theoretical and practical utilization of 
hybrid vigour in tomatoes and other crops, since DARWIN (1876) demonstrated that 
some Solanaceous plants when intercrossed showed increased vigour by being taller. 
With the exception of theoretical studies by AsHBy (1937), LuckwirL (1937) and 
HATCHER (1939) on the physiology of hybrid vigour, in which maize and tomatoes were 
used for experimentation, there were no investigations on hybrid cultivated tomatoes 
in England until M. B. CRANE, K. MATHER and A. G. BROWN in 1939 commenced a 
study of hybrid vigour as measured by increased fruit yields. These experiments have 
been continued annually at this Institution up to the present time, both at Merton, 
Surrey and at Bayfordbury, Hertford; they have led to the recent introduction for 
commercial use of two hybrids named Hertford Cross and Ware Cross. These F, 
hybrids have now been on trial for several years, and information concerning them has 
been made generally available to the trade since 1952. A hybrid introduced from the 
Netherlands, called Single Cross, has already been grown in England for a few years. 

The early researches at this Institution were conducted both under glass and in the 
open. MATHER and CRANE (1942) noticed that some varieties which are high croppers 
under glass, may give inferior yields in the field. CRANE (1944) had reported that by 
1943 forty hybrids had been tested against standard varieties, and four had given con- 
sistently higher yields than any of the standards. CRANE (1947) later summarized the 
1940-6 experiments carried out on tomatoes grown outdoors, with special reference to 
yield, times of fruit maturity and other characters. It was hoped to select the best 
varieties and from these the best F‚ hybrids, with the view to utilizing hybrid vigour in 
practical cultivation. Yields varied in different years owing to variation in weather 
conditions, incidence of virus attacks and differences in soil fertility. The varieties 
Stonor’s Exhibition and Victory were the highest yielding but not early ripening, 
whereas Harbinger combined a high yield with early ripening. By 1952 CRANE had 
reported that two hybrids had consistently given high yields of high grade fruits. 

It is the purpose of this paper to summarize the practical work undertaken at the 
John Innes Institution from 1939 to 1949 in crossing varieties of tomatoes, leading to 
the production of the two hybrids. An analysis will also be given of those aspects of 
heterosis which have direct application to its practical utilization in hybrid tomato 
production. It is also hoped that in making these results available much unsuccessful 
repetition may be avoided. 


EXPERIMENTAL METHODS 


It was decided to grow the hybrid erops outdoors to permit large-scale trials which 
would not have been possible in the limited glasshouse space available. In April seeds 


147 


GORDON HASKELL AND A. GAVIN BROWN 


were sown in John Innes Compost and later transplanted to boxes or pots. They were 
planted out in the open during the last week of May; all plants were stopped at the fifth 
truss. There was for the 1940-44 crops a spacing of 15” from plant to plant within the 
row and 27” between the rows; afterwards a spacing of 18” by 30” was used. Normal 
cultivation was given as for a regular outdoor crop. Full details of raising the plants 
during the experiments are given in CRANE and. BROWN (1954). 

Crops were picked at weekly intervals until October 10th, when a final harvest of 
ripe and green fruits was made. Commencement of picking varied from year to year 
according to weather conditions. Crop records were divided into: 

Early Fruit Yields (E) — total crop weight of ripe fruit up to September 10th. 

Total Yield of Ripe Fruit (R) — total yield of ripe fruit to the final picking on October 
10th. 

Total Yield (T) — total yield of ripe and green fruits. 

The trials were usually laid out in large randomized blocks, but in the early years 
smaller blocks were sometimes used. Size of blocks varied according to the number of 
hybrids, standard varieties and commercial varieties being tested. Between 1940 and 
1943 the “open plot” trials (i.e. normal field trials) had eight replications of short rows 
with seven plants; later trials had longer rows of twenty plants in four replications, i.e. 
eighty plants of each strain. The early “border” trials (i.e. grown in a narrow border 
backed by a wall) had only five plants per row in six replications. Results of the plot 
and border trials have been kept separately and are distinguished in the results pre- 
sented in Table 1 by the symbols P and B respectively. A number of commercial va- 
rieties were also included in the experimental randomizations. Their results are not 
included in Table 1 as they have been given already in CRANE and. BROWN (1954), but 
they are illustrated in Figs. 1 and 2. 


CROSSING TECHNIQUE 


Seeds of the hybrids used in these experiments had been raised the previous year in a 
glasshouse; they were from hand cross-pollinations between named varieties of Lyco- 
persicum esculentum from reliable sources. Tomato varieties are genetically homozy- 
gous, and hence uniform, from being self-pollinating in England. Hence crosses can be 
made using any plants within a variety. 


TABLE 1. TEN YEARS OF OUTDOOR FIELD TRIALS OF HYBRID TOMATOES AT MERTON, SURREY 
(Harbinger, Potentate and Exhibition were used as standard varieties) 


Lbs. per plant 


UA ee d Standard Variety or F‚ Hybrid 
Conditions 
EB R 1e 
1940 Potentalermen Mrt en 3.41 5.05 SA 
dpsory x Best of All 3.64 5.70 6.16 
Plumpton King X Kondine Red JS 5.46 6.14 
Kondine Red x dpsory Sjaal Jose) 5.70 
‚ Plumpton King X Sunrise 321 4.87 5.54 
‚ Radio x Best of All 3.29 4.96 5.42 
dpsory x Sunrise 291 4,68 5.28 


Mean | 3.37+0.28 Oele 0f39 Ods 0RSI 
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ee ERE Ee ee VE A 
Lbs. per plant 


Standard Variety or F,‚ Hybrid 


eee 


1941 (B) 


1941 (P) 


1942 (B) 


TOE > Sa 


Potentate 
Kondine Red 
Best of All 
Potentate 
EMER 
Potentate 
Crackerjack 
Best of All 
Best of All 


Stonor’s M.P. 


Sunrise 
Buckley 
Potentate 
Crackerjack 
Potentate 
Sunrise 
Buckley 
Potentate 
Potentate 
Kondine Red 
Buckley 
Kondine Red 


Harbinger 


DE GD OA A OE DK EAS A ICN DS IS AL 5 


Potentate 
Crackerjack 
ES, 1 
dpsory 

Best of All 
dpsory 
Potentate 
dpsory 
Potentate 
Crackerjack 
Crackerjack 
Sunrise 
Potentate 
Crackerjack 
Buckley 
dpsory 
dpsory 
Kondine Red 
Sunrise 
Potentate 
Crackerjack 


Mean 


IBotentatenanmte en f 


Best of All 
Kondine Red 


Harbinger 


BOLENLALENR DE Ee: 


Best of All 
Potentate 
Potentate 
Crackerjack 
Moneymaker 


Stonor’s M.P. 


Crackerjack 
Best of All 
Moneymaker 
Potentate 
Moneymaker 
Kondine Red 


Plumpton King 


Moneymaker 
Sunrise 
Potentate 
Buckley 


dpsory 
dpsory 


Crackerjack 
EES Ml 
Crackerjack 
dpsory 
Stonor’s M.P. 
Potentate 
Potentate 
Potentate 
dpsory 
Sunrise 
Potentate 
Potentate 
Kondine Red 
Best of All 
Crackerjack 
Best of All 
Crackerjack 


Mean 


2.400,21 


2.91 0.11 


2.214 


E0.15 


R ai 
5.01 5.52 
5.58 6.04 
5.45 6.02 
5.57 6.01 
5.52 5.96 
5.57 5.88 
57 5.87 
5.48 5.81 
Si 5.68 
5.34 5.63 
5.21 | 5.56 
5.28 5.55 
5.19 5.54 
5.14 5.51 
5.11 5.47 
5.01 5.44 
4.99 5.44 
5.05 5.34 
5.07 5.33 
4.85 5.31 
4.90 5.30 
4,43 5.27 
4.48 487: 
5.1640.32 | 5.58-0.30 
6.67 7.08 
5.63 5.82 
6.27 6.53 
6.41 6.71 
6.34--0.10 | 6.62-+-0.13 
2.68 3.28 
2.90 3.50 
3.09 3.84 
3.01 3.84 
3.08 3:81 
3.00 3.74 
2.91 3.72 
2.97 3.63 
3.04 3.61 
2.93 3.55 
2.94 3.52 
2.89 ER 
2.69 | 3.39 
DD) 3.31 
2.66 3.27 
2.59 3.26 
2.63 325 
2.65 | 3.18 
2.57 3.17 
2.85+0.18 | 3.510.224 
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Lbs. per plant 


ane Standard Variety or FE, Hybrid 
Conditions E R T 
1943 (PI) Harbinget an ae 2.49 3.85 5.03 
Poténtâte Ar St REE 2.43 3.91 OaL2 
Exhibitions ea 2al2 3.70 5.19 
Potentate DOMNA 2.81 4,46 5.82 
Potentate ESM 2.90 4,56 5.81 
Best of All xX Crackerjack DD 4,49 5.76 
Potentate x Crackerjack 2.94 4,49 Sn 
| Crackerjack x_ Potentate 2.83 4,48 gli 
Plumpton King xX Kondine Red 2.94 4,13 5.56 
L.M.R. 1 x_dpsory Das 3.86 5.00 
Crackerjack x dpsory 1.91 3.69 4.78 
Mean 2.65+0.16 4.27 40.34 5.52+0.40 
1943 (P2) Harbin nee 2.34 8/5 4.80 
Echibitionnen ee 2.16 4,20 5.86 
Yorkshire Table xX Moneymaker 2.65 4.50 5.69 
Harbinger x Exhibition 2.83 4.26 5.49 
Potentate x L.M.R. 1 2.46 4,17 5.42 
Best of All x Potentate DA 4,16 5.34 
Vetomold xX Fruit 2.92 4,23 532 
Carter’s Outdoor X Vetomold 2.34 4,44 5.28 
Stonor’s M.P. x Potentate 2.71 4.00 5.24 
L.M.R. 1 xXx Vetomold Dell 4.05 5.04 
Yorkshire Table x Harbinger 1.86 3.49 4,55 
L.M.R. 1 x dpsory (IS 3.29 4,30 
5 Mean 2.4240.39 4.06 40.39 5.17+0.40 
1944 (P) Harbor ent Re 1.67 23 3.94 
POLENLOLORN RE ae 1.29 301 4.55 
END one 1.63 3.33 SL 
Potentate Xx E.S. 1 2.64 4,42 5.94 
Potentate ANR DIB 4.39 DAD 
Best of All Xx Crackerjack 2.20 4,10 5.58 
Potentate X Crackerjack 2.62 4.18 oel 
Moneymaker xX Stonor’s M.P. 2.49 3.63 SSI 
Victory x Harbinger 2.38 3.96 DS 
Vetomold x Exhibition 2.49 3.92 SO 
Sunrise x Harbinger 2.26 3.81 52) 
Crackerjack x Potentate 2.24 4.05 5.16 
Moneymaker xX Vetomold 2.04 3.49 4.92 
Mean 2.41 0.22 4,00 +0.30 5.4240.30 
1945 (P) Harbingot ket A 4,82 125 7.98 
Exhibtion 2.44 5.82 8.12 
Potentate DES 4,19 7.14 8.62 
Potentate ONENVIRR SN 3.62 1823 8.43 
Victor xX No 10 4.69 VA 8.38 
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Lbs. per plant 


En Standard Variety or F,‚ Hybrid E 
Potentate x Crackerjack 3.69 
Best of All xX Crackerjack 3.93 
Crackerjack x Potentate 3.69 
Mean 3.97 +0.41 
1946 (P) TGD. 1.01 
ROTENLOTEN NER er 0.77 
Exhibition 0.22 
Crackerjack x Potentate 0.85 
Potentate DEES 1 1.02 
Best of All xX Crackerjack 0.52 
Potentate IE MIAR 0.68 
Mean 0.77 0.22 
1947 (P) VROUCNLOLENR NN en enen PS 4,31 
IDON 4.83 
Potentate Xx L.M.R. 1 os) 
Exhibition Xx Victor IS 
Victor x_No 10 5.78 
Potentate x Victor 535) 
No 10 x Victor 2 
Potentate ESS v1 4.98 
Mean 5.50 0.30 
1948 (P) (ROTENTOLORN EN ee EE 0.82 
hIDI ONM Nee: 0.25 
Potentate Xx L.M.R. 1 0.77 
Potentate jAES 1 0.79 
Exhibition xX Puck 0.68 
Exhibition xX Victor 1.28 
Red Cloud xX Exhibition 0.75 
Victor x No 10 0.66 
No 10 xX Victor 0.65 
Mean 0.80 40.22 
1949 (P) Harbinger 4.05 
Exhibition 3.76 
Victor xX No 10 4.42 
Potentate MIER 4.18 
Exhibition xX Puck 4.03 
New Firesteel x Exhibition 4.06 
New Firesteel x Potentate 3.73 
First in the Field Xx Exhibition 3.93 
First in the Field X Potentate 3.75 
Mean 4.01 40.24 
B — Border trials, backed by a wall. 


as) 
I 


Plot trials in the open field. 


R JE 
6.96 8.28 
1.06 8.07 
6.94 7.94 
7.29 0.39 8.29 +-0.25 
3.10 6.08 
2.58 6.33 
Ill 6.10 
3247 7.10 
3.18 6.43 
2.19 6.35 
2.62 6.01 
SDi 055 6.47-0.46 
4.88 6.09 
5.99 ED 
6.07 7.54 
6.16 1235) 
6.33 ES 
5.64 6.96 
5.93 6.92 
5.54 6.90 
Or EON 7.17 +0.28 
2051 3.63 
1595 Sn 
2.90 4.52 
DD 4,19 
313 4.06 
3.18 SAL 
2.88 3.44 
2.47 3.41 
DA) SI 
ORS Ste OP 3.81 0.45 
4.63 5.28 
4.98 5.96 
5.43 6.08 
4,98 5.67 
4,47 5.18 
4.68 5.45 
4,22 Si 
4.55 5.59 
4.24 5.10 
4.65 40.43 5.46 40.36 
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5 E43 
hd u 
EN bs) 
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oo 
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CONS 
2 3 4 5 
TOTAL LBS PER PLANT TOTAL LBS PER PLANT 


5e ‚1944 P‚ 


% EARLY FRUIT 


7 8 9 6 7 
TOTAL LBS PER PLANT TOTAL LBS PER PLANT 


EARLY FRUIT 


% 


ISOGRAMS 


O Commercial varieties 
® Fi Hybrids 


TOTAL LBS PER PLANT 


FIG. 1. RELATIONSHIP BETWEEN EARLY FRUITING AND TOTAL YIELDS PER PLANT IN F, HYBRIDS (@) AND 
COMMERCIAL VARIETIES (O) OF TOMATOES GROWN OUTDOORS AT MERTON, SURREY. EARLY 
FRUITING IS EXPRESSED AS A PERCENTAGE OF THE TOTAL YIELDS IN LBS.; THE APPROXIMATE 
ACTUAL EARLY YIELDS (E) IN LBS. CAN BE JUDGED DIRECTLY FROM THE ISOGRAMS. 

P — open plot field trials; B — border plots backed by a wall 
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FRUIT 


90 


RIPE FRUIT 
RIPE 
% RIPE FRUIT 


% 
% 


TOTAL LBS PER PLANT 


sol - 19428 


TOTAL LBS PER PLANT 


sof 1943 P, 


TOTAL LBS PER PLANT TOTAL LBS PER PLANT 


loof. 


KEY 


O Commerclal varletles 
@ Fl _Hybrids 

ISOGRAMS 

Ed 2 lbs 

En y . 3 lbs 

2 7 : edes 4 lbs 

en j As 5 Ibs 

1 6 Ibs 


% RIPE FRUIT 


7 lbs 
8 lbs 


4 5 
TOTAL LBS PER PLANT 


FIG. 2. RELATIONSHIP BETWEEN RIPE AND TOTAL FRUIT YIELDS PER PLANT IN F, HYBRIDS (©) AND 
COMMERCIAL VARIETIES (O) OF TOMATOES GROWN OUTDOORS AT MERTON, SURREY. RIPE YIELDS 
ARE EXPRESSED AS A PERCENTAGE OF THE TOTAL YIELDS IN LBS.; THE APPROXIMATE ACTUAL 
RIPE YIELDS (R) IN LBS. CAN BE JUDGED DIRECTLY FROM THE ISOGRAMS. 
P = open plot field trials; B = border plots backed by a wall 


Hybridization was carried out under glass, although not under insect-proof condi- 
tions as in this country insects rarely visit tomato flowers and only bush varieties, 
where the style protrudes, are sometimes outcrossed (CRANE, 1945). Flowers were 
emasculated before they were fully open by removing with a forceps the ring of anthers. 
The exposed styles were allowed to ripen for about three days, when pollen of the male 
parent was applied to the stigmas after being scraped from the anthers with a forceps 
or scalpel. 

There is no evidence for significant and consistent differences in yields of E‚ R and T 
in reciprocal crosses, as shown in Table 2. Therefore in hybrid tomato production it 
does not matter theoretically which way the cross is made: the variety giving the 
highest seed yield can'be chosen as female parent. In thís respect it is not always the 
highest fruit yielders that produce most seed. Generally varieties with bi-locular fruits 
give higher seed yields per fruit than multilocular varieties, in which a greater propor- 
tion of the internal space is occupied by flesh. Seed yield is also somewhat modified by 
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TABLE 2. YIELDS OF RECIPROCAL CROSSES IN CULTIVATED TOMATOES GROWN OUTDOORS 


Year o 0, Total 


lo P 

d B, tal C Î Ibs. per Reciprocal Cross 

focatiön ee Early Ripe plant 

1941 (B) Best of All Xx Potentate 33.8 89.9 5.68 — | 
36.1 89.8 5.87 Potentate X Best of All 


1942 (B) Best of All x Potentate 63.9 82.5 SSP) = 


61.7 83.3 3.18 Potentate x Best of All 
1941 (B) te < Potentate 46.6 93.4 5.47 | 
41.7 92.1 5.44 Poten tee xX Crackerjack 
1942 (B) en x Potentate | 65.1 84.2 3:61 | 
| 62.2 80.8 Sl parades xX Crackerjack 
1943 (P) ee Xx Potentate | 49.6 78.5 5.71 | 
51.4 78.5 SNZ pötenasis xX Crackerjack 
Crackerjack Xx Potentate | 43.1 78.5 5.16 | 
47.1 Vl SES Potentate x SN Ordcherack 
Re x Potentate | 46.5 87.4 7.94 | 
44,5 84.0 8.28 Poten xX Crackerjack 


1944 (P) 


1945 (P) 


1941 (B) Kondine Red X Potentate | 42.8 90.5 6.02 — | 

45.0 91.3 Sr Potentate Xx Kondine Red 
Vietor X NS 10 78.4 85.9 RST = | 
79.8 85.7 6.92 | No 10 X Victor 
Victor X DN 10 19.4 72.4 3.41 == | 


19.3 onl 903 No 10 X Victor 


1947 


1948 


the numbers of fruits on a truss; a table showing the number of flowers per inflores- 
cence in English varieties is given by CRANE and BROwN (1953). A few large fruits are 
likely to yield more hybrid seed per pollination than many small fruits. Hence on 
varieties with many-flowered trusses, the end flowers, which produce very small fruits, 
should be removed as their yield of seed is unprofitable. 


METHODS OF SELECTION 


Preliminary tests had earlier been made on crossing L. esculentum varieties with L. 
pimpinellifolium, a small fruited species, as it was suspected that maximal expression 
of heterosis might be produced by crossing parents widely divergent in morphological 
characters. Good yield heterosis was obtained in these hybrids, but fruit size was below 
commercial standards. The second stage was, therefore, to hybridize divergent mor- 
phological types within L. esculentum. One of these is a variety called dpsory (collo- 
quially pronounced “dropsy”), previously developed for genetical research, and this 
was crossed with well known varieties. The variety dpsory carries many recessive 
characters and thus strongly contrasts with commercial varieties. The results of such 
crosses are given in the earlier parts of Table 1. 

Poorer hybrids were eliminated each year. The better yielding ones were re-grown, 
together with new hybrids. Thus there was a gradual sifting as‘the experiments prog- 
ressed, so that ultimately only those hybrids were left from parents with the best 
combining ability. 

At the beginning hybrids were tested against their parents to see whether the crosses 
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were showing hybrid vigour. As it became clear that they were, standard varieties were 
introduced annually for specific comparison. These were : 

Harbinger — a high yielding, early ripening variety; 

Exhibition — a high yielding, late ripening variety; 

Potentate — one of the most popular, high yielding commercial varieties. 

Choice of these was based on the extensive varietal trials of CRANE and BROWN 
(1954). All three standards were not always grown each year. 

Table 1 gives a summary of mean fruit yields per plant, measured as E‚ R and T, for 
all the crosses that were tested between 1940 and 1949, together with the values for the 
standard varieties. Hybrids in each year are classified in order of total yield, as this 
played an important role in determining whether a hybrid would be chosen the follow- 
ing year for re-testing. Table 1 also gives the annual means over all hybrids for E‚ R 
and T, together with their standard errors. 

Differences in weather conditions from year to year greatly afféct the yields of out- 
door crops. Hence, whereas it is permissible to compare hybrids within any one year, 
comparison of data between various years must be made cautiously. CRANE and 
BROWN (1954) have already shown that in England high rainfall between mid-July 
and mid-August, and high temperature between mid-August and mid-September are 
mainly responsible for high yields of ripe fruits. 

In assessing the yields of outdoor commercial varieties, CRANE and BROWN (1954) 
have considered that generally a difference in total yield of half a pound per plant 
between any two varieties may be taken as indicating a genuine difference in yield. 
Sample analyses of variance were made on border (B) and plot (P) trials for all the F, 
hybrids and commercial varieties grown in these two experiments (cf. Figs. 1 and 2). In 
the 1941 plot trial, for example, there were twenty hybrids and varieties together in 
four blocks, each block containing two side-by-side rows of each. There were seven 
plants in each row; all weights were of the row totals. The item for “error” depended 
on differences between like rows in each block. Both the items for the main effects due 
to blocks and varieties had variance ratios significant at less than the 0.001 probability 
point. The general mean for total yield in this trial of all strains was 6.06 lbs. per plant, 
and it was calculated that any difference of 0.57 lbs., i.e. 9 ounces or more, in mean 
yield between two varieties may be regarded as significant. In the 1941 border trial 
there was a mean yield of 5.35 lbs. per plant, and a difference between two varieties of 
0.52 lbs, i.e. 8} ounces or more was significant. 


INTER-RELATIONS OF E‚ R AND T 


The yield statistics E‚ R and T may now be considered in relation to each other and 
in regard to heterosis. The three way Figs. l and 2 were prepared to show respectively 
whether there were correlations between early (E) and ripe (R) yield in relation to the 
total yield, and Fig. 3 to show the relation of E‚ R and T to heterosis. These correla- 
tions are now considered. 


(i) E and T 
The graphs in Fig. 1 give the proportion of early fruits, expressed as a percentage of 
the total, for the various F,‚ hybrids and commercial varieties in each trial between 
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DATE (1947) 
Frio. 3. THE INCREMENTAL CROP YIELDS OF TWO PARENTAL LINES AND THEIR RECIPROCAL F, HYBRIDS. 


THE POSITIONS OF E‚ R AND T ARE SHOWN. HETEROSIS HAS SHOWN ITS MAXIMAL EXPRESSION BY 
1OTH SEPTEMBER, WHEN E IS MEASURED 


1940 and 1946. No correlation is seen to occur in these graphs between early fruiting 
and total yield. This is not unexpected as in standard high yielding varieties, like 
Harbinger and Exhibition, there may be wide differences in early yield. Hence behav- 
iour of the F, hybrids in this respect may be governed to some extent by interplay of 
various genetical and environmental factors. By the use of isograms, which are the lines 
joining points of equality in actual crop weight of early fruits, it is possible to assess 
which kinds have the best early yields. Except where there are highly dissimilar num- 
bers of F‚ hybrids and commercial varieties in a graph in Fig. 1, generally it appears 
that the hybrids are more likely to be both higher total yielding besides having a higher 
proportion of early fruits. There are, however, exceptions to this generalisation. 


(ii) Rand T 

When data for ripe fruits, expressed as a percentage of total yield, are plotted against 
actual total yield in the graphs of Fig. 2, there is better correlation between R and T 
than there was for E and T. Furthermore, the F, hybrids are now more clearly seen to 
be able to outyield the varieties with which they were being compared. In other words, 
it is easier to obtain hybrids which have both high total yield and a greater proportion 
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of ripe fruits than it is to find one with high total yield and high early yield. Yet it is this 
latter combination which is so important for a successful commercial hybrid. 


(ii) E‚, R and T in relation to Heterosis 


Originally E‚ R and T were fixed arbitrarily. Fig. 3 gives the yields of reciprocal 
crosses between the indeterminate variety No. 10 and the bush variety Victor (No 36). 
As expected, there is no significant difference between the reciprocals in yielding 
‚ capacity at any date. No. 10 yields higher than Victor and, as the graph shows, differ- 
ences due to heterosis are well brought out by the 10th September, which is E in the 
tables. This indicates, therefore, that E is a reliable statistic for evaluating differences 
in early yields. Furthermore, incremental differences between the F, lines and the two 
parents diverge rapidly up to this date; afterwards the differences are maintained and 
the heterosis remains relatively constant. In a cross such as this, it is observed that there 
is little change in relative position on the graph of ripe and total yields. 


YIELDS OF HYBRIDS AND STANDARD VARIETIES 


To compare the behaviour of F,‚ hybrids in different years with that of the three 
standards, viz., Harbinger, Potentate and Exhibition, differences were taken between 
the yields of E‚ R and T of a standard and the mean for the hybrids. These differences 
were divided by the yield of the standard and expressed as a percentage. The results are 
‘given in Table 3, where + and — values indicate that mean yields of the hybrids are 
greater or less than that of a standard. Although there is much annual variation, due to 
different hybrids being involved, study of the means of the percentage difference reveal 
that, compared with Harbinger, hybrids on the average show little if any increase in E 
and not much for R and T. Harbinger thus sets a high standard for a commercial 
variety. The hybrids when tested against Potentate are somewhat better for E‚ con- 
siderably more for R,‚ but not so much for total crop weight. Finally, hybrids readily 
outyield Exhibition, a very late variety, for E and for R,‚ but the standard has a slightly 
heavier total yield than the hybrids. 

The recognisable advantages of hybrids are thus seen to depend on the type of 
standard against which they are being tested. This indicates that when selecting new 
hybrid tomatoes, the standards must be carefully chosen’ according to the kind of 
improvement desired. 


HETEROSIS 


(i) Date of Action 

Mean yields of four reciprocal F, hybrid crosses, divided by the mean parental yields 
for each particular picking date are plotted in Fig. 4 as a percentage against date of 
picking. lt is readily seen in three of the hybrids that this estimate of heterosis rises and 
then gradually falls off. Actual time of maximal heterosis varies slightly with each 
hybrid, but in the present data lies between 27th August and. 3rd September. The use of 
the 10th September for estimating E‚ thus includes the period when heterosis has been 
at a maximum, as already seen in Fig. 3; heterosis then falls off after this date. Thus in 
cultivated tomatoes heterosis mostly expresses itself in early fruit yield. It is already 
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TABLE 3. MEAN YIELD DIFFERENCES OF ALL HYBRIDS FROM THREE STANDARD VARIETIES OF OUTDOOR 
TOMATOES, EXPRESSED AS PERCENTAGES 


All hybrids tested against 
Y Roo e (Mid Exhibition (Late) 
ear Hybrids Harbinger (Early) Potentate (Mid) ibition (Late 
E R ili E R 1 E R il 
1940 6 — — — — 3.43|+ 2.38|+ 5.55) — — — 
1941 P 2 — 18.98 5.76 6.50 | +27.07| +12.61| +13.75| + 46.0 |— 231| — 5.43 
1941B Di) — — — +25.65| + 0.58|+ 1.09 — — — 
1942B 1 e= 7.98 6.17 |+ 6.89| — 1.78| + 2.89| + 0.29 — — — 
1943P1 8 + 6.23| 11.20} + 9.22| + 9.05| + 9.21 |H 7.81| + 25.03| + 15.10) + 6.36 
1943P2 10 + 3.72 8.24 + 7.65 — — — + 15.74 + 0.18 —11.82 
1944P 10 44.25 | +46.34| +37.56| +21.72| 4+20.85| +19.12| + 47.79 + 19.97| — 2,53 
1945P 6 —17.67| + 0.57 | + 4.01 — — — + 62.64| + 25,29 + 2.05 
1946P 4 —24.01| — 9.19 + 6.45 0.0 |+ 9.30 2.21 | +248.79| +144.78| + 6.11 
1947P 6 = — — 2749 E22 SZ IST OET SIS O8 
1948P 7 — — — — 2.64H22.51 5.08 2217 NES 45-13 2D 
1949P 7 — 0.88 + 0.49 | + 3.33 — — — + 6.76) — 6.57) — 8.46 
Mean |+ 0.08 + 7.26| + 8.58| 12.42) +22.17| +1145| 4 76.47| + 26.72) — 2.07 


known (cf. ASHTON, 1946) that heterosis in tomatoes also expresses itself in larger 
numbers of fruits rather than as increased fruit size. This means that although higher 
early yields are obtainable from some hybrids, actual fruit size will not have increased. 
This is desirable as medium fruit size is important in grading. 


(ii) Heterosis and Stability 

Comparisons were made of variations in E‚ R and T for the years when the hybrids 
Potentate Xx Leaf Mould Resister 1 and Potentate X E‚S. 1 were available for study. 
Table 4 gives the annual variations, expressed as coefficients of variation, for these two 
hybrids compared with the three standards. It is seen that on the average for E‚ R and 
T the pure-line standards, which are homozygous through being maintained. by in- 
breeding, are more likely to vary in their yields when grown outdoors from year to 
year than the two hybrids. This comparatively better stability of hybrids under variable 
conditions is an expression of heterosis; it has already been demonstrated for various 
characters in maize (HASKELL, 1953) and for flower number in tomato (Lewis, 1953). 
Thus an additional advantage of hybrid tomatoes is their ability to give more constant 
yields under variable conditions. 


SELECTING THE JOHN INNES HYBRIDS 


It will be found from Table 1 that certain hybrids have consistently given high yields 
compared with other hybrids and the standards. These crosses maintaining their high 
yields from year to year have included Potentate X Leaf Mould Resister 1 (L.M.R. I), 
Potentate X Crackerjack, Best of All X Crackerjack and Potentate Xx E.S.1. Two of 
these were outstanding, not only for yield and earliness but for quality of fruit, which 
is very important for market grading. These hybrids were Potentate X L.M.R.l and 
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FIG. 4. TIME OF ACTION OF HETEROSIS IN HYBRID TOMATOES GROWN OUTDOORS. HETEROSIS IS MEASURED 
AT EACH DATE BY THE MEAN YIELD OF THE F, RECIPROCAL CROSSES DIVIDED BY THE MEAN YIELD 
OF THE TWO PARENTS, EXPRESSED AS A PERCENTAGE. ALL HYBRIDS SHOW HETEROSIS, WHICH 
EXPRESSES ITSELF MOSTLY IN THE PICKINGS BETWEEN 27TH AUGUST AND 3RD SEPTEMBER IN THIS 
GRAPH 


Potentate x E‚S.1. They are called Hertford Cross and Ware Cross respectively, and 
are now in production. 

Although originally selected. outdoors, these two hybrids have now been tested 
under glass for both yield and quality. Both have fulfilled their promise by maintaining 
a high yield in surpassing Potentate, a heavy yielding standard indoor variety. They 
have equivalent grading to the high quality glasshouse variety £.S.5 (CRANE, 1952), 
and are much better than Potentate in this respect. 

It is believed that as these two hybrids have consistently maintained their position in 
indoor as well as outdoor trials, it will not be easy to find other crosses between Eng- 
lish varieties of tomatoes which will produce better hybrids. Hertford Cross has now 
been tested by DAY (1954) for its reaction to Leaf Mould (Cladosporium fulvum): it was 
found to carry the gene Cf, meaning that it is resistant to the widespread race 5 and 
also to races 1 and 9 of tbe fungus; it is susceptible to races 2 and 8. Ware Cross is like 
most commercial varieties in being susceptible to all the races of Cladosporium. 

To introduce resistance to leaf mould in tomatoes, for example, it is only necessary 
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TABLE 4. COMPARISONS OF YEARLY VARIATIONS BETWEEN THE F, HYBRIDS HERTFORD CROSS AND WARE 
CROSS AND INBRED STANDARD VARIETIES OF TOMATOES GROWN OUTDOORS 


Coefficients of Variation (C) 
Comparison Years E R T 

Hybrid Standard ‚ Hybrid Standard | Hybrid Standard 

Hertford Cross: se 
Earbincenmnn 1943-1946, 1949 47.50 60.55 34.99 42.05 18.60 27.31 
Botentatemmn nn 1947-1948 134.19 96.02 49.92 50.90 Sik Sl 
Exhibition .. .. 1943-1949 60.98 78.24 Se A 20.90 23.67 
Mean C 66.64 78.27 40.01 46.69 24,97 28.92 

Ware Cross: 

Elasbingeummmn 1942-1946 38.85 _ 61.05 41.48 49.23 2791 35.83 
Potentatememmn 1947-1948 102.52 96.02 SO SMS 34.53 35.79 
Exhibiuons nn 1943-1948 60.67 88.88 38.47 53.05 23.02 25.76 
Mean C 67.35 81.98 43.39 _ 51.40 28.49 32,46 


to hybridize using at least one parent carrying a dominant gene for resistance. This 
gives not only immediate resistance in the hybrid, but provides the advantages of 
heterosis for yield and other characters. It provides an alternative to the usual breeding 
technique for introducing disease-resistance by the lengthy process of back-crossing 
and selection. 


CONCLUSIONS 


Hybrid tomatoes undoubtedly have a place in the glasshouse industry, for econom- 
ically they are a sound proposition. Although hybrid seed is more expensive than 
pure-line seed, actual expenditure on seeds is a minor item in the over-all cost of 
producing a crop of tomatoes. Two ounces will sow an acre, assuming an ounce has 
about 8,000 seeds, and the increased outlay is more than compensated by the increased. 
financial returns from hybrid crops. Indeed, we have calculated that an increase of less 
than 0.1 % in crop yield in the hybrids under commercial conditions is enough to com- 
pensate for the extra cost of hybrid seed. Finally, looking to the future utilization of 
hybrid vigour in tomato, we may predict that a possible future trend. might be to 
incorporate various recently discovered genes into breeding programmes. 


SUMMARY 


1. An historical account is given of the theoretical aspects and practical use of 
hybrid vigour in tomatoes. Methods of producing hybrid seed in England are de- 
scribed, and the experimental results of outdoor trials with new hybrids at this 
Institution from 1940 to 1949 are given in detail. 

2. Tests of crosses between Lycopersicum esculentum and L. pimpinellifolium had 
earlier given good heterosis, but fruits did not reach required commercial standards. 
Numerous crosses were now made between commercial varieties, and the best F, 
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hybrids were selected out each year. These were re-tested the following year, together 
with fresh hybrids. The consistently high yielders eventually were sifted out in this 
way. 

3. Hybrid yields were measured as early (E), ripe (R) and total (T) crop weights, and 
compared against those for standard varieties. The inter-relations of E‚, R and T were 
analysed in commercial varieties and hybrids. 

4, Various practical effects of heterosis in tomatoes were investigated. Heterosis has 
its main economic value in the increased early cropping, and hybrids have somewhat 
more stable yields than commercial varieties under varying environmental conditions. 

5. The history and method of production are given for two new F, hybrids, Hertford 
Cross and Ware Cross. 


We wish to thank Mr M. B. CRANE, F.R.S. for suggesting the preparation of this 
survey, and Miss P. Dow for assistance with the tables and diagrams. 


SAMENVATTING 


Heterosis bij tomaten 


Een historisch overzicht is gegeven van de theoretische aspecten en het practisch ge- 
bruik van heterosis bij tomaten. De in Engeland toegepaste methoden bij de productie 
van hybride-zaad. worden beschreven en de resultaten van proefnemingen in de volle 
grond met nieuwe hybriden van het John Innes Horticultural Institution over de jaren 
1940 tot 1949 worden in extenso vermeld. 

Proefnemingen met kruisingen tussen L. esculentum en L. pimpinellifolium hadden 
reeds eerder een goed heterosis-effect gesorteerd, maar de vruchten bleven onder de ge- 
wenste maat. Daarom werden vele kruisingen gemaakt tussen de verschillende cultuur- 
rassen van L. esculentum en ieder jaar werden de beste F‚-hybriden uitgekozen. Deze 
hybriden werden het volgend jaar opnieuw beproefd, in vergelijking met enkele stan- 
daardrassen en nieuwe hybriden. Op deze wijze werden hybriden geselecteerd, welke 
een blijvend hogere opbrengst gaven. 

Bij de beoordeling van de hybriden is rekening gehouden met de vroegheid (E), de 
rijpheid (R) en de totale opbrengst (T), in vergelijking met die der standaardrassen. De 
correlaties tussen de E-, R- en T-waarden werden bepaald bij cultuurrassen en hun 
hybriden. 

Verschillende practische aspecten van heterosis bij tomaten werden onderzocht. De 
voornaamste betekenis van heterosis is gelegen in een vroegere productie, terwijl de 
hybriden bovendien een iets grotere oogstzekerheid vertonen onder wisselende uit- 
wendige omstandigheden. 

Tenslotte is het ontstaan en de wijze van productie van het kruisingszaad van de 
twee nieuwe hybriden Hertford Crossen Ware Cross vermeld. 
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NOTE ON METHOD OF PREPARING ISOGRAMS 


In Figs. 1 and 2 the graphs show for various commercial varieties and F, hybrids the proportion, 
expressed as a percentage, of early and ripe fruit respectively plotted against total yield in lbs. per 
plant. The isograms, running across the graphs, are lines joining points of equal weight of actual 
early or ripe fruit yield per plant in a particular variety or hybrid; each graph therefore shows three 
statistics. 

Isograms are easily constructed: e.g. to construct a 2 lb. isogram, points are plotted on the graphs 
at 66.6 % and 3 lbs, 50 % and 4 lbs, 40 % and 5 lbs. and at 33.3 % and 6 lbs. The curve 
joining these points is the 2 lb. isogram. The others are constructed similarly. 
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1. INTRODUCTION 


In polyploidy breeding of grasses and clovers it may for several reasons be desirable 
to test later C-generations and this also holds for other crops of which one wishes to * 
create polyploids. 

The following examples may be mentioned: 


1. The work may be arranged in such a way that the tetraploids are selected cytologi- 
cally in the C‚ material, after a selection on polyploid characters in the field and /or 
after measuring the stomata in the C‚-generation. 

2. A checking of the material may be desirable in the C‚-generation in order to ascer- 
tain whether, and to what extent, pollen from diploids participated in the fertiliza- 
tion, or whether aberrant numbers of chromosomes have occurred by an irregular 
meiosis. 

3. A checking of a C‚-generation may be designed in order to ascertain the extent to 
which the new polyploid form is stable. 


It is clear, that in the first instance it is important that the selected tetraploids grow 
up and produce seed, as the creation of polyploids is the object. In the second and in 
the last mentioned cases also it may be desirable to propagate the investigated plants for 
further detailed investigation. In order to simplify a quick investigation of the material 
as mentioned above, a rapid method to obtain root tips for cytological checking was 
evolved. 


2. THE OLD METHOD 


The raising of a C-generation for cytological checking is generally undertaken by 
sowing the seeds in flats and potting the plants later on (1). When the plants have been 
sufficiently rooted, the root tips are fixed. 

Much glasshouse space and time is required especially when a C‚-generation is 
raised with the purpose of isolating tetraploids. 

Moreover, much work and space is devoted to diploids and triploids in such cases, 
while these are discarded later on. Such and even more objections (which will be 

mentioned later) rendered it desirable to find a simpler method to attain the end. 


3. THE NEW METHOD 


The seed intended for cytological checking is sown on round filters in petri dishes. 
When the aim is to select tetraploids in the C‚-generation, 5 seeds per C‚-mother plant 
are laid out in the dishes. The figures 1-5 are written on a double filter paper and this is 
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placed on the bottom of the petri dishes, and one seed is placed alongside each figure. 


Fig. 1. GERMINATING SEED FOR CYTOLOGICAL CHECKING 


Apart from the 5 seeds, 2 extra seeds which can serve as substitutes if not all 5 seeds 
germinate, are usually added. If the germinating process can take place at alternate 
temperatures and light conditions (14 hours at 30°C and 10 hours at 20°C), a rapid 
and even germination is obtained, provided that the seed has a good germinating 
capacity. Tetraploid seeds germinate a little later than diploid seeds, as is the case with 
beets (2). 

Most grasses after 5 days and clovers after 4 days, have germinated to such an extent 
that the root is ready for fixation. It has then reached a length of 5-10 mm and it is 
carefully removed with a pair of tweezers. The latter should be free from fixation fluid 
before removing the rootled and this may be effected by dipping the tweezers into a 
glass of water. The root tips are fixed in suitable fixation fluid. In the case of the phase- 
contrast squash method (3), a mixture of acetic acid and alcohol in the proportions 1-3 
is used as fixation fluid, giving good results in grasses and clovers. 

When it appears from the investigation that the young plant is tetraploid, or that it is 
interesting for some other reason, it is transferred to the glasshouse, labelled and 
potted. In the tests it appeared that 95 % of grass plants and 75 % of clover plants will 
survive this manipulation. Monocotyledons generally recover quicker than dicotyle- 
dons, owing to the greater recuperation capacity of their root system. 

It is advisable to place the petri dishes on a frame covered with large-mesh gauze. 
This makes it possible to lift the dishes horizontally and prevents the seeds from rolling 
away. 
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The petri dishes with the germinating seed should be treated very carefully, especially 
where more or less round seeds are concerned, in order to prevent confusion in col- 
lecting the selected tetraploids. 


4. DISCUSSION OF ADVANTAGES 


Apart from the advantages of economizing on space and in time, some additional 
points may be mentioned in favour of this new method. 


1. The testing can start at any time desired within 5 days, whereas with the older 
method it is necessary to sow at least a month before the time of investigation. 

2. If it is for some reason desirable to interrupt the investigation for a short time, it is 
possible to store the plants in a certain growing stage by keeping the petri dishes at a 
low temperature. ; 

3. While the old method necessitated cutting back the growing root system from time 
to time or the re-potting of the plants, it is now possible to regulate the amount of 
material to be fixed according to the speed of investigation. 

4, If in a test checking the chromosome number of the young plants of a family is 
estimated and specimens are found which are interesting from a cytological point of 
view, it is possible to investigate more material of the same origin at short notice. 

5. By inducing the germinating process to take place in the way described, an intensive 
cell division of the root tips is obtained, which simplifies the counting of the chro- 
mosome number. 

6. Failure of the preparations by soil particles adhering to the roots is excluded, 
because no soil is used in the application of the method. 


5. SUMMARY 


À simple method to obtain material for cytological checking in grasses and clovers is 
described. Seeds are germinated on filter paper under optimal conditions. When the 
rootlets are about 5 mm long they are fixed in acetic acid alcohol 1-3. The chromosome 
number is determined by phase-contrast microscope and the tetraploids are potted. 
Advantages of this method are illustrated. 


6. SAMENVATTING 
Een snelle methode voor cytologische contrôle bij polyploïdie-veredeling 


Het is in vele gevallen wenselijk cytologisch contrôle onderzoek te verrichten aan de 
nakomelingschap van met colchicine behandelde planten. 

De daartoe gevolgde methode, het uitzaaien en oppotten van het te onderzoeken 
materiaal en cytologisch onderzoek aan worteltoppen van de potkluit, heeft ver- 
schillende nadelen. 

Volgens een nieuw ontwikkelde methode wordt zaad op rondfilters in petrischalen 
bij optimale omstandigheden te kiemen gelegd. De worteltoppen worden gefixeerd in 
azijnzure alcohol 1-3. De plantjes die in aanmerking komen voortgekweekt te worden 
kunnen na het onderzoek worden opgepot. 

De voordelen van deze methode worden toegelicht. 
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1. INTRODUCTION 


In Februari 1955, the eighth F.A.O. Hybrid Maize Meeting was held at Wageningen. 
At this meeting the present writer read a paper on the identification of maize 
hybrids, the main points of which are given below. 


2. THE VARIETY AS AN AGRICULTURAL UNIT 


A variety is a group of plants recognized as a unit with its own character. This 
specific character is in the first place manifest in its agricultural features. In many 
cases there is ample difference in morphological characters for distinction of varieties 
to be made. In other cases distinction is very difficult. 

There is a general interest in the study of varieties, a study which has for its object 
the diagnosis of the varieties. There is a need for an identification key. In the im- 
portant and increasing exchange of varieties it is desirable that any variety concerned 
may be identified. 

In many countries, there are first and foremost the institutions dealing with seed. 
testing and with seed certification which are constantly concerned with the problem 
of identification of varieties. 

The seed testing stations are trying not to restrict their seed. analysis to a qualification 
of the species only, but if possible, they attempt to identify the variety at the same 
time. 

The procedures of the certifying agencies are greatly concerned with the guarantees 
on trueness to type. Crop inspectors are often well acquainted with varieties and this 
knowledge enables them to recognize many varieties in the field and sometimes also 
as the seed. Especially when inspection is done with a system of preliminary control, it 
will be possible to safeguard the identity of the variety in many cases. Guarantee by 
inspection is moreover always partly based on administrative control. 


3. IDENTIFICATION IN OTHER COUNTRIES 


In certain countries regulations are in force which are concerned with the identifica- 
tion of varieties. 

In France, the introduction of varieties of certain crops is restricted to those which 
have been named in a catalogue. This catalogue mentions the names of the varieties. 
Seed of such varieties is exclusively allowed to be sold under the name mentioned in 
the catalogue. In order to be able to maintain this stipulation, the entered varieties are 
required to be stable and identifiable by discriminating features. 

In Germany, the introduction of varieties is mainly restricted to varieties entered 
into a register. These varieties are granted with breeder’s rights. They can be registered 
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on condition of newness and stability and, moreover are required to have agricultural 
value. gn 

A variety is considered to be new, if it is sufficiently different to be distinguished 
from the existing varieties by morphological or physiological characters. 


4. GRANTING BREEDER’S RIGHTS 


In the Netherlands, just as in Germany, it is possible to be granted breeder’s rights 
on a variety. Also in the Netherlands this grant is conditioned by a stable discrimina- 
tion of the variety concerned from the existing varieties. 

The botanical study of varieties in the Netherlands has mainly been performed as a 
consequence of this legal regulation. It is a problem to answer the question whether 
a variety, submitted to registration, has such a structure that it is really eligible for 
registration. Experience has led to the conviction that there are many varieties which 
cannot satisfy the standards of stability in discriminating features. 

This is particularly encountered in the case of cross fertilizing plants. 

If we bear mind the usual structure of a variety in this type of crop and the proce- 
dures by which the breeders create such varieties, it is easily seen that the products of 
breeding work are often not very likely to satisfy the standards of identification of 
varieties. 

Structurally, the variety of a cross fertilizing crop is a population, constituted of a 
number of not exclusively homozygous genotypes. Many characters and features 
consequently fluctuate over a certain range. The describer should characterize the 
variety within this variability and only if from generation to generation the genetical 
structure remains unchanged. should this character be set as an identification mark 
against that of another variety. 


As an example of the way in which such a variety is created. by the breeder 1 choose 
sugar beet and suppose that the breeder’s objective is to produce an early ripening, 
highly productive variety with a good chemical composition and a number of favour- 
able features concerning form, leaf development, little tendency to bolting, etc. He 
has selected a number of families and perhaps maintains them by inbreeding. He has 
tested the families on combining ability and now produces the seed of his variety 
according to a certain system. He strictly and constantly keeps his breeding aim in 
mind. However, up to a certain limit, every generation of the seed which he wishes 
to introduce under the chosen name, is a new creation. 

In his basic material — his families — he has indeed concentrated a certain number 
of genes carrying a great many favourable features, but he cannot completely prevent 
the end product (that has to be built up by means of that material) from showing 
some differences in form and properties from year to year. In many cases a breeder 
is constantly engaged in improving his foundation material. He replaces a family by 
a better one; he improves his family; his work is dynamic to a certain extent; he is a 
striving creature. 

If the research worker now studies the variety which was born in such a sphere, it is 
almost sure that he will be disappointed with his attempts to establish the phenotype 
of such a variety accurately. What, one year, he considers as a satisfying description, 
will the next year appear to be impracticable in some respects. 
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If, for registration, one wants to adhere strictly to the demands of stability, in 
many cases the decision must be that the variety is unfit for registration. 

Research workers in the Netherlands have come to that conclusion. A great many 
varieties of cross-fertilizing plants do not agree with the standards of stability in their 
discriminative characters which have been established as a condition for the granting 
of the breeder’s rights. 

However, it has been fully recognized that such varieties have to be considered 
excellent products, the creation of which involved much skill, labour and money. 
Unfitness to grant breeder’s rights to a variety should, therefore, not involve un- 
necessary injustice to the breeder. Marketing of the variety should be allowed and 
care should be taken that nobody, except the breeder, reaps the fruits of his efforts. 


5. THE BREEDING WORK AS A BASIS FOR REGISTRATION 


It has been endeavoured to reach this end by making a consideration of the breeding 
work a factor of judgement for the evaluation of the variety. 

A committee, composed of representatives of research and inspection follows the 
activities of the breeder from a very early stage. They are, as it were, witnessing the 
creation of the variety. They are fully aware that what the breeder finally introduces 
under a certain name, is the product of his own work. If the results of the research on 
the agricultural value turn out well and the variety is considered a valuable accession, 
it is allowed to be put on the market. The certifying agency supervises its seed produc- 
tion. 

What the user buys as seed for sowing, is a product which has been watched over 
from its cradle. Its agricultural features can entirely be relied upon. By allowing for 
sale only varieties, the origin and maintenance of which is subject to constant care 
and judgement, the breeder finds sufficient protection against unfair competition of 
people who, without doing serious breeding work themselves, may try to enter upon 
the market as seed producers. 

By not demanding full immutability of varieties which by their nature do not or 
insufficiently satisfy the standards of stability, it is effected that the breeder’s freedom 
is not restricted. This can only favour the results of their labour. 


Now, how can hybrid maize which is new-born child in the world of varieties and 
breeder’s products, be judged with respect to its eligibility for registration ? 

A hybrid, too, is a population with a certain genetical and — as a result of that — 
with a certain phenotypical width of variation and it can only be characterized by a 
description of its variability. 

A circumstance incidental, but nevertheless of high practical importance for the 
describer, is that maize presents special difficulties to the observer. A maize crop and 
particularly a robust crop of hybrid maize can be judged as a whole less easily than 
any other crop. It is very difficult to gain a reliable impression. Not only the crop as a 
whole, but also the separate plants screen an easy perception. The plant has to be 
observed from bottom to top and above eye-level it is soon impossible to judge details 
and sizes. 

I cannot express my meaning in a better way than by showing you a drawing of one 
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Fi. 1. CHILDREN IN A FIELD OF MAIZE. 
Drawing by CHARLES Eyck, published in Elsevier’s 
Weekblad, Oct. 9, 1954. 


of our artists, CHARLES EYCK, who is living in one of the Southern provinces, where 
most of the maize in our country is grown. 

1 am sure, that he has not the faintest idea about difficulties that exist in variety 
registration, but merely being struck by that vigorous crop of mighty stalks, he gave 
an excellent illustration of what 1 tried to put into words. 

However, the particular composition of a hybrid renders it possible to show the 
independence of a variety on another level. Not the more or less multiform hybrid is 
necessary as a witness, but the basis on which it has been created, the inbred. lines, 
can prove its individuality. 

It is possible to adopt the theoretical standpoint that the inbred lines are lines 
narrowed to homozygosity, that these lines are maintained by consistently sustained 
self-fertilization and that consequently the hybrid is based on four completely stable, 
uniform and mutually divergent units which are differing from all other similar lines. 

In practice, however, matters are often quite different. The breeder sometimes 
begins to test his lines — which are then only narrowed populations — for combining 
ability in a fairly early stage of inbreeding. The inbred lines on which a hybrid is based, 
as a rule do not often possess the theoretical perfect homozygosity. Variability some- 
times comes clearly to light when the maintenance is affected on different places and. 
under diversified environmental conditions. Also the appearance of a single cross 
often showing multiformity in certain characters is an indication that the inbreds 
should not be considered as pure homozygotes. 

The breeder who has obtained a hybrid, often keeps on working in that particular 
variety; he retouches his inbred lines and likes the freedom to do so. This practice 
should be considered an advantage to plant breeding, for the results of his activity is 
after all an improvement of the end product. 

If it is accepted, that the hybrid of practice is mostly not comparable with that of 
the academic scheme and that the inbred lines are generally not so uniform and stable, 
it is highly questionable whether it is attractive to adhere to a registration of the 
hybrid which is based on the registration of these supposedly stable elements. 
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If it is considered advisable to bind permission to market to that registration, the 
breeder is — for the sake of that registration — forced to aim at an objective which if he 
were free, would not interest him. The hybrids would then be forced into a form which 
they have not become in practice, thanks to the free development of maize breeding. 

Furthermore an unattractive side of the identification of the hybrid. by means of 
description of inbred lines is the barrenness of the laborious piece of work. Study for 
the sake of registration never produces more than a proof for independence. No 
practical usefulness results from the knowledge which the research worker has gathered 
about the inbred lines, for none other than he and the breeder to whom they belong 
ever gets a sight of that material. 

After all, most breeders are not inclined to trust their inbred lines out of their 
hands for the sake of research. 


6. NO REGISTRATION OF HYBRIDS 


In the Netherlands, authorities have given up claim to registration of hybrid maize. 

‘The committee for the supervision of the breeder’s work tries to come into close 
contact with the breeders, just as in all other cases of cross fertilizing plants. It is 
ascertained how the breeder works and what he does to obtain his inbred lines. The 
inspection. service supervises the composition of the hybrid from the moment that 
the seed is produced by inbreeding. If this supervision gives the conviction that the 
variety offered by the breeder is a product of his own work, and if that product satisfies 
the demands of agricultural value, then no obstacles are put in his way to introduce it. 

The system works to the satisfaction of everybody: To the satisfaction of the breeder, 
who can commercialize his variety; who feels no obstacle in his way to work in full 
freedom and to his own insight and. who is not being forced to give out of his hands 
his inbred material — which he prefers to keep under his own control — for the sake of 
research. 

To the satisfaction of the user, who can be sure that the hybrid which he buys under 
a certain name, will agree with what he has fancied about the agricultural qualities. 

To the satisfaction of all who profit by the progress of plant breeding. The develop- 
ment of method and insight is not hampered by regulations which serve an incidental 
object. 

To the contentment of the research worker who has not to tackle a laborious 
investigation which often presents but little prospects or satisfaction. 

Judgement of the breeder’s work as a factor in the evaluation of the independence 
of varieties that are genotypically not entirely fixed to their nature, has solved a 
knotty problem in the Netherlands and it was readily accepted by all the parties 
concerned. 

If more countries desiring registration of varieties would begin to practise this 
system, the exchange of varieties between those countries would be facilitated, 
provided that they mutually recognized their judgement as to independence of the 
varieties. 
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7. SUMMARY 


It is advocated that varieties of cross-fertilizing plants are not suitable for registra- 
tion owing to the unstability of their genetical constitution in consecutive generations. 
Registration demands the stability of a variety in the characters which determine its 
separation as an independent unit. 

In order to protect the breeder’s rights to such a variable variety, his work in 
creating and maintaining a variety should be supervised. If only varieties of good 
agricultural value which are the products of the breeder’s own work are admitted. to 
the market, he is safeguarded against unfair competition. 

The maize hybrids can easily be classified in the group of varieties of cross-fertilizing 
plants which are not eligible for registration on reasonable grounds. Registration of 
inbred lines as a means to fix the identity of the hybrids has many drawbacks. The 
breeder’s work and his creation of varieties can be sufficiently guaranteed by means 
of supervision. This is also an adequate warrant that the product he is offering for 
sale from year to year will be satisfactory for the grower. The breeder then needs not 
relinquish his material, nor does he need to be restricted in his freedom to act according 
to his own views. 


SAMENVATTING 
Identificatie van maishybriden 


Het standpunt is verdedigd, dat rassen van kruisbestuivers, wegens veranderlijkheid 
van hun erfelijke structuur in opeenvolgende generaties, ongeschikt zijn voor een 
registratie, die tot voorwaarde stelt de constantheid van het ras in zijn eigenschappen, 
die het onderscheid met andere rassen bepalen. 

Wil men de kweker in zijn recht op rassen van een zodanige veranderlijke structuur 
beschermen, dan is dat te verwerkelijken door de kweekarbeid, die hij aan de vorming 
en aan de instandhouding van zijn ras heeft besteed, te laten meetellen bij de oordeels- 
vorming over zo’n ras. Indien men tot het verkeer slechts rassen toelaat die goede 
landbouwkundige waarde bezitten en waarvan vast staat, dat het producten van zelf- 
standige kweekarbeid zijn, dan kan de ernstige kweker gerust zijn niet een ongelijke 
strijd te moeten voeren. Hij zal op de markt geen lieden ontmoeten, die geen of weinig 
moeite en kosten aan kweekarbeid hebben besteed en hij behoeft niet te vrezen, dat 
anderen op goedkope wijze van de vrucht van zijn arbeid zouden profiteren. 

De maishybriden laten zich gevoeglijk rangschikken in de groep van bezwaarlijk 
te registreren rassen van kruisbestuivers. Registratie van de inteeltlijnen als middel 
tot het vastleggen van de identiteit van de hybride heeft tal van bezwaren. Door 
middel van controle op de kweekarbeid en op de productie van het teeltmateriaal is 
voldoende waarborg te scheppen, dat hetgeen van jaar tot jaar onder een bepaalde 
naam wordt aangeboden zal beantwoorden aan wat de gebruiker zich daaromtrent 
naar redelijkheid mag voorstellen. 

De kweker behoeft dan geen inteeltmateriaal uit handen te geven en hij behoeft 
ook niet met betrekking tot de instandhouding van dat inteeltmateriaal in de vrijheid 
naar eigen inzicht te handelen, te worden beknot. 
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1. INTRODUCTION 


The Indian Agricultural Research Institute, New Delhi, popularly known as the 
Pusa Institute, was founded in 1905 at Pusa in North Bihar and its Golden Jubilee is 
being celebrated this year. Economic improvement of crop plants by breeding new and 
superior varieties has been one of the most important activities and achievements of 
the Institute during its fifty years of existence. It is hence apt that some of the work done 
at the Institute in the applied and fundamental aspects of genetics and plant breeding 
is briefly summarized at this stage. 


2. BOTANICAL RESEARCH AT THE INSTITUTE 


Three distinct phases can be recognized in the evolution of botanical research at the 
Institute. In the first period, ranging from 1905 to 1935, work was carried out in a 
Section of the Institute under the guidance of eminent Scientists like Sir ALBERT 
HowARrD, Mrs G. L. C. HOWARD and Dr F. J. F. Saw. In the second period, exten- 
ding from 1936 to 1945, the venue of the work was shifted to Delhi as a result of the 
severe earthquake of 1934 which damaged a major portion of the laboratories of the 
Institute at Pusa. During this period, when Dr B. P. PAL, the present Director of the 
Institute, assumed charge of the Botany Section, results from cytogenetic studies were 
used in the formulation of breeding procedures and a small unit was established for 
plant physiological investigations. The third period commencing from 1946 has been 


Fig. 1. LABORATORY OF THE DIVISION OF BOTANY, INDIAN AGRICULTURAL RESEARCH INSTITUTE, 
NEW DELHI 
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marked by a considerable expansion of the staff and facilities available for Botanical 
Research at the Institute. The section of Botany was raised to the status of a Division 
with well-organized sections of Genetics and Plant Breeding, Cyto-genetics, Crop 
Physiology and Plant Introduction and Systematic Botany. The main Division has 
now several sub-stations for carrying out crop breeding work on a regional basis. PAL 
and RAMANUJAM (1944) have reviewed some of the botanical work carried out at the 
Institute. 


3. BREEDING NEW VARIETIES OF CROP PLANTS 


The potentiality for crop improvement through planned breeding work has been 
investigated in many of the important crop plants of India. As a result, improved. 
strains have been produced in the following crops: wheat, rice, barley, oats, pigeon- 
pea (Cajanus cajan), gram (Cicer arietinum), mung (Phaseolus aureus), Urid (P. mungo), 
lentil (Lens esculentum), peas, sugarcane, linseed, Sesamum, safflower (Carthamus 
tinctorius), chillies, Hibiscus, maize, potato, mustard, and several vegetables. 

Details concerning the new varieties produced in some of the crops are listed below: 

Wheat: At the time improvement work was started in this crop at Pusa, the varie- 
ties grown by the farmers were all mixtures of different types. Hence several outstand- 
ing new strains could immediately be produced by pure line selection. The evolution 
of the Pusa wheats, as they were called (the improved varieties bred at the Institute are 
now designated as N.P. or New Pusa types) was widely appreciated since they were 
released at a period when the reputation of Indian wheat was low in the export market 
and there was a general feeling that high quality wheats could not probably be pro- 
duced in India. The milling and baking tests carried out with the Pusa wheats in Eng- 
land showed that they are comparable in quality to the best north American spring. 
wheats and the variety Pusa 4 was awarded prizes for grain quality at several exhibi- 
tions held abroad. The popularity of the Pusa wheats among the Indian farmers could 
to some extent, be judged from the fact that the variety Pusa 52 had by 1943 replaced 
the local strains to the extent of 80 % in the state of Bihar alone. 

Although the early Pusa strains fulfijled a great need of the wheat-growers, the 
problem of combining high yield and good quality with resistance to major diseases 
remained unsolved. This work was initiated by Dr B. P. PAL in 1936 and has been in 
progress under his guidance since then. For this purpose, a large collection of indig- 
enous and exotic wheats including many wild and cultivated species of Triticum and 
allied genera was built up and evaluated for economically useful characters. The 
material with desirable genes was utilized in an extensive hybridization programme. 
By selection among the hybrid progenies, a new series of varieties (the N.P. 700 series) 
tolerant to rust and resistant to smut infection, has been developed. Among these new 
strains, N.P.710 has shown adaptability to a wide range of soil and climatic conditions 
and has done well in the states of Uttar Pradesh, West Bengal, Saurashtra, Madhya 
Bharat and Bombay. N.P.718 and N.P.761 are relatively early in maturity; the former 
is well-suited to Delhi State, Rajasthan and parts of Madhya Bharat, while the latter 
has given a good performance in Bihar and Orissa. In high altitude regions, N.P.770 
has done well. 

Several varieties with a high degree of resistance to one or the other of the three rusts. 
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FIG. 2. EARS OF THE IMPROVED WHEAT VARIETY, N.P. 718 


(black, brown and yellow) have also been evolved as a result of crosses between certain 
foreign and local wheats, screening the hybrid populations for resistance under con- 
ditions of artificial infection and selection for economic characters. Thus, N.P.789 and 
N.P.790 are practically immune from the attack of all the races of black rust prevalent 
in India; N.P.783 and N.P.784 are highly resistant to different races of brown rust and 
N.P.785 and N.P.786 to many races of yellow rust. By further planned breeding, the 
variety N.P.809 which shows resistance to all the three rusts and which has given an 
excellent field performance in the entire north-western hilly tract, has been evolved. 
Three other strains N.P.797, 798 and 799 also possessing resistance to the three rusts 
are promising in the plains. The wheat breeding work at the Institute has been reviewed 
by PAL (1944; 1948 and 1954). 

Sugarcane: The work of the Sugarcane Breeding Station at Coimbatore, which was 
formerly a Sub-station of this Institute, has been comprehensively reviewed by VENKA- 
TARAMAN (1938). The Sugarcane Station was established in 1912 and the able work of 
Dr BARBER and Sir T. S. VENKATRAMAN in evolving suitable seedling canes (known as 
Co. canes) has greatly benefited the Indian cane grower and sugar industry. The work 
at Coimbatore represents the first attempt in the sugarcane world at improving the 
sub-tropical type of canes. By crossing the noble canes (Saccharum officinarum) with 
the wild cane (S. spontaneum) and by a subsequent process of “nobilisation”’, types 
with adaptability to difficult subtropical conditions and with resistance to certain pests 
and diseases were evolved. It is admitted on all hands that the Co. canes have appre- 
ciated the cane yields by at least 50 per cent both in the north-Indian belt and the 
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tropical belt of Bombay and Madras. Some of the important Coimbatore cane 
varieties are Co. 290, Co. 312, Co. 331, Co. 370, Co. 419 and Co. 421. 

Potato: By selection in progenies of crosses between European and local varieties, 
hybrid strains suitable to the hills and plains of East Punjab, Uttar Pradesh, Bihar and 
West Bengal were produced. Several hybrids resistant to Phytophthora infestans were 
evolved from the cross Solanum demissum XS. tuberosum. All this material was made 
available to the Central Potato Research Institute when it was organized in 1948. The 
potato breeding work carried out at the Institute has recently been summarized by PAL 
and PUSHKARNATH (1951a). A monograph relating to the identification and classifica- 
tion of the potato varieties grown in India has been published (PAL & PUSHKARNATH, 
1951 b). à 

Linseed: Several varieties with good yield and oil-content were evolved at Pusa. 
However, all these varieties were susceptible to rust attack. Crosses were hence made 
between the Pusa strains and some varieties from Australia which were immune from 
the races of rust prevalent in India but which were late in maturity. By testing the 
hybrid populations under conditions of artificial infection, 78 lines immune from rust 
have been isolated. Some of them, e.g. N.P.(R.R.) 5, 9, 45, 262, 439 and 440, have 
performed well in trials conducted in several states with reference to yield and oil 
content and resistance to rust attack (DESHPANDE and JESWANI, 1954). 

Pigeon pea: As a result of crosses made to combine good cooking quality with 
resistance to wilt, several new strains, e.g. N.P.C.15 and N.P.C.38, have been pro- 
duced. 

Tobacco: A new selection, Amarcho 5, from an introduced variety of cigarette 
tobacco proved much superior to Harrison’s special, a variety popular in India for 
fluecuring, both in the time taken for curing and the percentage of first-grade yellow 
leaf. An improved type of chewing tobacco, N.P.70 has also been released for distri- 
bution. In the hookah tobacco (Nicotiana rustica), two high yielding selections, N.P. 
219 and N.P.220, have been evolved through inter-varietal hybridization. Several 
interspecific hybrids have also been produced and studied. with reference to economic 
characters like resistance to mosaic and leaf-curl, resistance to frost and nicotine 
content. The cytogenetic behaviour of these hybrids and the amphidiploids obtained 
from them was also studied (RAMANUJAM and JOSHI, 1942). 

Maize: The improvement of the Indian flint varieties of maize by the “hybrid corn’ 
method has been taken up since the past few years. The combining ability of many 
strains has been evaluated and promising single and double crosses have been built up. 
Also, high yielding hybrids suitable for cultivation in the hills and plains of India have 
been found in the double cross material of dent corn obtained from the United States. 
Fundamental work on maize breeding techniques and production of homozygous 
diploid breeding lines by doubling the chromosome number of monoploids isolated 
with the aid of suitable marker genes, have also been recently initiated. 

Vegetables: Improved varieties have been produced in many summer and winter 
vegetables. In brinjal (Solanum melongena), tomato (Lycopersicon esculentum) and 
bhindi (Abelmoschus esculentus) interspecific crosses have been under study with the 
object of producing varieties with prolonged growing season and possessing resistance 
to certain diseases and pests. From the progeny of the cross L. esculentum X L. pim- 
pinellifolium, an early-ripening variety (Pusa Red Plum) possessing high vitamin and 
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FIG. 3. A RUST RESISTANT LINSEED TYPE EVOLVED AT THE INSTITUTE 


sugar contents has been bred. In bhindi, amphidiploid plants from the cross A. escu- 
lentus x A. tuberculatus (a newly described wild species possessing resistance to the 
yellow-vein mosaic disease which causes considerable reduction in the yield of culti- 
vated bhindi — see PAL et al, 1952) are being backcrossed to the cultivated varieties to 
evolve a high yielding strain resistant to yellow-vein mosaic. Several species like S. 
incanum and S. xanthocarpum are being used in breeding brinjals resistant to the stem 
borer. 

The possibility of obtaining increased yield through utilizing hybrid vigour has been 
investigated in several vegetables. A brinjal hybrid, named Pusa Purple, obtained by 
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crossing the varieties Muktakeshi and Clustered White gave significantly higher fruit 
yields than the parents and other commercial varieties. In onion, cytoplasmically 
controlled male sterile lines are being isolated. 


4. PLANT INTRODUCTION AND SYSTEMATIC BOTANY 


A collection of 7623 exotic varieties of crop plants has been built up and their per- 
formance has been assessed under Delhi conditions. In wheat alone, nearly 2500 
foreign varieties are being maintained. One wheat variety, Ridley, has proved. useful 
for direct cultivation in the hilly tracts of north India. Several introduced. wheat va- 
rieties have been profitably used in breeding rust-resistant varieties suitable for the 
plains and hills of India. Other examples of useful material introduced from abroad 
are the tomato variety Sioux, the garden pea varieties — Early Badger, Bonneville and 
Delwiche Commando, the onion varieties Bermuda Yellow and Texas Grano, the 
sweet potato variety F.A. 17 and the water-melon variety New Hampshire Midget. 

The task of identification and classification of the large number of introduced and 
indigenous plant collections is done by the Systematic Botany section. Samples of 
imported food grains are examined for the presence of seeds of poisonous plants. Work 
is in progress to assess the performance under Dehli conditions of Kochia indica 
(family Chenopodiaceae), which has been reported to be very valuable for desert 
reclamation work in the Middle Eastern countries. A herbarium of varieties of crop 
plants and weeds of cultivated fields is being built up and now consists of about 5000 
specimens. Systematic studies of species and varieties of important food plants are in 
progress with reference to their origin and classification (CHATTERJEE, 1951). 


S. CYTOGENETICS 


Studies on basic problems like species origin and inter-relationships as well as 
applied work like breeding better varieties of crop plants through inter-specific 
hybridization and induction of polyploidy are in progress. 

Cytology: Improved cytological techniques for the study of chromosomes during mi- 
tosis in root tip cells and in pollen grains have been evolved (BHADURI & GHOsH, 1954; 
BHADURI & MAJUMDAR, 1955). A satisfactory schedule for the study of meiosis in small 
chromosome plants has also been worked out (SWAMINATHAN et al. 1954). With the 
help of these techniques, karyotype studies have been conducted in several members of 
the Graminae and some cyto-taxonomic problems have been taken up for investigation. 
The effects of certain mutagenic chemicals on plant chromosomes are under study. 

Genetics: The mode of inheritance of several characters like variegation in rice, 
chlorophyll deficiency in chilli, linseed and safflower and many mutants in chilli, gram 
and Brassica campestris (toria) has been studied. 

Information was obtained on the genetics of self-incompatibility in a few diploid 
Solanum species belonging to the section Tuberarium, of sex in Luffa (SINGH et al. 1948) 
and of rust resistance in some varieties of wheat. Work is now in progress to locate 
genes for rust resistance on particular wheat chromosomes through the use of mono- 
somes. Mutations are being induced in the self-incompatibility alleles of Brassica 
campestris through X-radiation. 
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DrPLomp (LEFT) AND TETRAPLOID (RIGHT). Brassica Campestris (toria). The tetraploids have 
shown great promise in yield trials. 


Polyploidy: By the colchicine technique, polyploid forms of Sesame, gram, chilli, 
linseed, barley, and Brassica (toria) have been produced. While all the raw polyploids 
were disappointing in their yielding ability, highly fertile tetraploid forms of toria with 
increased vigour, longer pods and bolder seed have been obtained by means of the 
mass pedigree selection method (PARTHASARATHY, 1953; PARTHASARATHY & RAJAN; 
1953). It is expected that tetraploid toria can be released for general cultivation shortly. 
Since the diploid and tetraploid plants are cross-incompatible, there is no harm if such 
populations are grown in adjoining areas. Improvement of several fodder plants is 
being attempted through the production of polyploid forms. 
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Amphidiploids were produced from the sterile hybrids of Nicotiana plumbaginifolia 
x_N. glauca, Sesamum Orientale X S. prostratum, Abelmoschus esculentus X A. tuber- 
culatus, Brassica campestris X B. nigra and several crosses in Triticinae. The fertile 
plants thus obtained have been employed in breeding work. 

Species hybridization: Attempts to introduce into the cultivated strains the useful 
genes from some of the wild relatives, have been made in bhindi, Sesamum, wheat, 
potato and tomato. As referred to earlier, some late-blight resistant potato hybrids 
and an early-ripening tomato variety, Pusa Red Plum, have been evolved in this way. 

In Sesamum, the cultivated species, S. Orientale is usually subject to a bad attack of 
a caterpillar, Antigastra catalaunalis, in the early stages and to the phyllody virus 
disease which converts the floral organs into leafy structures. A wild species, S. pros- 
tratum, which grows in the sandy tracts of South India, is resistant to this pest and 
disease. It was crossed with S. orientale and a fertile amphidiploid was produced from 
the sterile F,‚ hybrid (RAMANUJAM, 1944). By back-crossing the amphidiploid with the 
cultivated varieties, some useful selections combining good yield and resistance, have 
been obtained. 

Species origin: The evolution in nature of Brassica juncea through hybridization 
between B. campestris and B. nigra followed by chromosome doubling in the sterile - 
hybrid was established by artifically synthesising B. juncea — like forms in this way 
(RAMANUJAM and SRINIVASACHAR, 1943). Much valuable information has also been 
gathered on the mode of origin of north Indian sugarcanes (PARTHASARATHY, 1951), 
brinjal (BHADURI, 1951) and bhindi (Josn1 and HARDAS, 1953). 


6. PHYSIOLOGICAL STUDIES 


Extensive physiological investigations have been carried out in wheat with a view to 
elucidate the correlations between developmental characters of the plant and drought 
tolerance and immunity from lodging. This work has provided some useful indices and 
their value in breeding lodging-resistant varieties is now being assessed. By suitably 
adjusting the intensity of light and temperature, it has been possible to raise three 
generations of the wheat crop in a year at Delhi. This finding will help to expedite the 
wheat breeding programme. Studies on the physiological aspects of plant nutrition and 
utilization of plant hormones both as growth promoters and weedicides are in progress 
and have already yielded important information. The contribution of leaf and ear 
components to yield has been estimated in two wheat varieties and it has been found 
that the relative contributions of these components may vary in different varieties. This 
result is of significance in the study of the loss in yield caused by the incidence of rust in 
susceptible varieties (ASANA and MANI, 1949; 1950). 


7. POST GRADUATE TRAINING 


A two year diploma course can be done at the Institute by advanced students and 
deputees of Agricultural Departments from the various states of India. At the Division 
of Botany, specialized training is imparted in the fields of Plant Breeding, Cytogene- 
tics, Plant Physiology and Systematic Botany. During the first year of the course, there 
are regular lectures and practical classes and during the second year, the student under- 
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takes work on a research problem and submits a dissertation embodying the results 
obtained. So far 169 students have taken their diploma from the Botany Division and 
many of them occupy important positions at the crop breeding institutions in different 
parts of India. 


8. PUBLICATIONS 


Besides numerous popular articles of interest to the farming community, about 400 
technical papers have been published in periodicals all over the world giving the results 
of the botanical research carried out at the Institute. 


9. FUTURE OUTLOOK 


On the eve of the Golden Jubilee of the Institute, the work at the Division of Botany 
is undergoing further expansion. Additional crops like Cotton, Jowar (Sorghum vul- 
gare) and Bajra (Pennisetum typhoides) are being included in the intensive breeding 
programme. A wing for fundamental genetical studies is in the process of organization. 
Studies in crop physiology and cytogenetics employing the use of radio-active isotopes 
will be taken up. Provision is also being made for training an increased number of 
post-graduate students to meet the growing requirements of qualified personnel to 
implement the agricultural development schemes formulated under the Five Year 
Plan. It is hence hoped that the Division will continue to make useful contributions to 
the cause of Indian Agriculture. 


10. SUMMARY 


The lines of work pursued and some of the results achieved in the field of crop im- 
provement through botanical research at the Indian Agricultural Research Institute, 
which is celebrating its Golden Jubilee this year, have been mentioned. 


11. SAMENVATTING 


Vijftig jaren plantkundig onderzoek aan het Indian Agricultural Research Institute 


Schrijvers geven een overzicht van de resultaten op het gebied. van de plantenver- 
edeling, welke bereikt zijn door de afdeling botanisch onderzoek van het Indian 
Agricultural Research Institute, dat dit jaar zijn gouden jubileum herdenkt. 
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INTRODUCTION 


Practical experience has shown that a carrot variety grown during or immediately 
after the winter is usually paler in colour than if it is grown in summer. In addition the 
roots from a winter culture may be relatively longer and more pointed than those from 
a summer culture. 

In addition to this practical experience HANSEN (6) and BOOTH & DARK (4) ascer- 
tained in trials that for the same varieties the amount of carotene per 100 g of fresh 
weight of winter carrots was only half or one third of that of summer carrots. This 
seems to indicate that less carotene is produced if the temperature is low. However, the 
above trials do not furnish proof of this supposition, firstly because the winter is a 
complex of conditions (temperature being only one of them) and secondly because the 
stage of development attained by the roots has not been taken into account (see 2). 


METHOD OF INVESTIGATION 


In order to make certain about this matter, four varieties were sown in two air- 
conditioned rooms with artificial light on July 28, 1954, viz. Chantenay Long Type, 
Meaux, Berlikumer Bierma and Amsterdam Forcing. Sowing was carried out in two 
asbestos frames (five rows per variety) in a thoroughly mixed medium of 1 part of 
sieved clay, 1 part of peat-dust and 1 part of garden soil; 4 g of A.S.F. 6-18-28 was 
added per litre of soil. The conditions in both rooms were identical until August 10, 
when the young plants showed just above the ground. 

From August 10 the temperature of one of the rooms was kept at 18°C, that of the 
other being kept at 8°C. In both rooms, for 12 hours a day, the plants were given the 
same amount of artificial light, which consisted of mercury light (11 high pressure 
mercury lamps Philips HO 450 watt) and incandescent light (8 Philips incandescent 
lamps, internally frosted, 200 watt). 
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Both types of lamps are mounted outside the air-conditioned rooms over the glass- 
windows in the ceiling. By this arrangement combined with a 2 cm layer of running 
water (soil-water at about 11 °C) on the glasspanes the convection heat as well as the 
greater part of the heat radiation of the lamps are prevented from entering the air- 
conditioned rooms. The intensity of the mercury light amounted to about 7500 lux 
mercury light; that of the incandescent light to about 1200 lux incandescent light. The 
ligh tintensities were measured with a Dr Lange photometer, standard type no 203/11, 
for each of these light-sources calibrated separately by the K.E.M.A. (Institute for 
testing electro-technical materials). In the room at 18°C, one row of each variety was 
harvested fortnightly from October 28; in the room at 8°C this was done from 
November 25. Only between the last two harvests in the room at 18°C was there an 
interval of four weeks. 

The roots were weighed and analysed for total carotenoids and dry matter (see 2). 
Next the average root weight in g of dry matter and the total carotenoids in mg per 10 
g of dry matter were determined. Photographs were taken of the roots in each harvest. 


INFLUENCE OF THE TEMPERATURE ON THE CAROTENE CONTENT 


The data on the total carotenoids and dry root weight are plotted in fig. 1. 

The curves show clearly that with similar root weights (in g of dry matter) the total 
carotenoids were considerably lower at 8 °C than at 18 °C. As in this trial the tempe- 
rature was the only environmental factor that was different in the two rooms, this 
proves that temperature really has a marked effect on the colouring of the roots. 

The clearest curves are those for Chantenay and Meaux. It seems that in the first 
stage of root development the temperature does not affect the total carotenoids, since 
the tc. values lie close together. At this stage the root is still too young to produce a 
large amount of t.c. (see also 4). Later on the curves clearly diverge. 

In the case of Amsterdam Forcing the second t.c. determination at 8°C is probably 
wrong, since the third and fourth determination are both lower. Consequently it is 
likely that the dotted line indicates the trend of the t.c. content from the first to the 
third harvest more reliably than does the drawn line. 

In general, at 18°C the t.c. content fairly soon increases rapidly. This rapid increase 
is followed by a slower one, presumably until a certain maximum is reached. This 
maximum is only clearly shown in the case of Amsterdam Forcing; here the rapid in- 
crease ends uninterruptedly in a maximum. That only Amsterdam Forcing shows a 
maximum here is understandable since Amsterdam Forcing matures much quicker than 
the other three varieties. In the case of Chantenay L.T., Meaux, and Berlikumer B, the 
curve at 8°C rises gradually, at about the same slope as can be observed at 18°C after 
the first rapid rise. In Amsterdam Forcing the rise is also fairly rapid at 8°C. 


INFLUENCE OF THE TEMPERATURE ON THE ROOT SHAPE 


It is interesting to compare the root shape at both temperatures. That temperature 
has an effect on the root shape has already been demonstrated by BREMER (5) for the 
variety Nantes, and by BARNESS (3) for the variety Chantenay Red Cored. They ascer- 
tained that roots grown at low temperatures are longer, more conical and pointed than 
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those grown at higher temperatures, which are shorter, thicker and more blunt-ended. 
The same phenomenon was again observed in the varieties that were tested here (see 
photographs, Fig. 2). 


RIPENING EQUILIBRIUM AND CAROTENE CONTENT 


In a previous publication (2) it was stated that the carotene content of a carrot in- 
creases with its development until a (varying) maximum is reached, and that it is there- 
fore only possible to indicate a representative value for the carotene content if the 
degree of development of the root is also taken into account. 

It was shown that the number of days between sowing and harvest is a bad criterion 
of the degree of development. Therefore the age of the root is in itself not a decisive 
factor. The fresh root-weight was a more reliable criterion, but our trials showed the 
dry root-weight (root weight expressed in g of dry matter) to be the most reliable indi- 
cator for the degree of development of the root. 

The trials described above add a new aspect to this matter: low temperature may 
cause the carotene content, in its relation to the dry root-weight, to be sub-normal. 

The photographs in fig. 2 show that although the roots at 8°C have become larger in 
the course of time, they have retained the long-pointed shape of the young roots. 

Young roots, as well as older ones grown at low temperature, have two characteris- 
tics in common, viz.: 

a longer, more slender and pointed shape, and 

a lower carotene content. 

Consequently it is very likely that these two characteristics are simply both symp- 
toms indicating a state of unripeness of the root. 

In this connection it is interesting to point to similar temperature effects on red 
garden beets. 

BANGA (1) forwarded the opinion that there are two different activities in the beet 
plant, which may operate at the same time as long as the plant grows. But under the 
influence of the age of the plant and of the growth conditions one of them may domi- 
nate over the other. The first is the growth activity of the primary axis (leaf rosette + 
taproot). The second is the activity of root thickening. When the plants are very young 
the growth activity of the primary axis dominates. Later on there is a changeable 
equilibrium between the two activities. From a series of field experiments it was con- 
cluded that relatively low temperatures and (or) a relatively dry soil retard root 
thickening more than the growth of the primary axis (resulting in at thick taproot), 
whereas relatively high temperatures and a satisfactory water content of the soil favour 
a quick root thickening, and consequently a thin taproot. 

Now, there are indications that with carrots the leaf rosette and the taproot may to a 
certain degree also act together as one primary axis. But with carrots this relationship 
is not so distinct; the carrot foliage seems to be much more subject to independent 
fluctuations than the beet foliage. Therefore we had better restrict ourselves to the root 
in this case. From the photographs and the carotene content in each particular case it 
is clear that the root of a carrot grows much more taproot-like at low temperature than 
at high temperature. 

So we come to the conclusion that low temperature shifts the equilibrium between 
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FIG. 2. ROOT SHAPE OF FOUR CARROT VARIETIES IN SUCCESSIVE HARVESTS AT 18° AND 8 °C. OUT OF FIVE 
SUCCESSIVE HARVESTS AT EACH TEMPERATURE THREE WITH ABOUT COMPARABLE ROOT WEIGHTS 
AT THE TWO TEMPERATURES WERE SELECTED FOR REPRESENTATION ABOVE. 


the primary type of growth and root thickening in the direction of the primary type of 
growth, so that at low temperatures a carrot remains for a longer time in an unripe 
condition, which implies a relatively low carotene content. 
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Consequently, in selecting carrots for carotene content, one has to take into account 


not only the degree of development of the root as indicated by its size (expressed as. 
grams of dry weight) but also its degree of ripeness, as indicated by its shape. 


en 


SUMMARY 


. In the phytotron of the Institute of Horticultural Plant Breeding at Wageningen, the 


influence of two temperatures (8° en 18°C) on the total carotenoid content and 
shape of four varieties of carrot has been investigated. The carrots were grown in 
two air-conditioned rooms with artificial light. 


. The lower temperature gives a sub-normal t.c. content, and a relatively narrow, 


long, conical, pointed root. The opinion is expressed that a carrot, when grown at 
a relatively low temperature, remains longer than normal in an unripe condition, 
whatever its size, and that this is the cause of its subnormal carotene content. 


„ In selecting carrots for carotene content both their size and their degree of ripeness 


have to be taken into account. 


SAMENVATTING 
Selectie van wortels op caroteen gehalte 


HI Sub-normale gehaltes bij lage temperatuur 


. In het physiologisch laboratorium van het Instituut voor de Veredeling van Tuin- 


bouwgewassen is de invloed van twee temperaturen (8° en 18°C) op het totaal 
carotenoïd-gehalte en de vorm van vier wortelrassen nagegaan. De wortels werden 
geteeld in twee cellen in kunstlicht en bij gereguleerde temperatuur en relatieve 
vochtigheid. 


„ De lage temperatuur veroorzaakt een sub-normaal totaal carotenoïd gehalte en een 


betrekkelijk lange, conische, spitse vorm van de wortel. Geconcludeerd wordt, dat 
een wortel bij lage temperatuur, ondanks zijn toename in gewicht, langer dan nor- 
maal in een onrijpe toestand blijft, en dat dit de oorzaak is van zijn subnormaal 
caroteen gehalte. 


. Bij selectie van wortels op caroteen gehalte moet men niet alleen rekening houden 


met hun grootte, maar ook met hun graad van rijpheid. 
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INTRODUCTION 


“June Yellows” or „„Voorjaarsbont” as it is called in Dutch, is a disorder of straw- 
berries, which is very well known in the United States and Canada and, in later years, 
has also been described in Holland (KLINKENBERG, 2), England (Reip, 5) and Switzer- 
land (Bovey, U). In slightly affected plants it is characterized by an interveinal yellow- 
ing of the leaves, in more severe cases it causes mottling or streaking of white and 
yellow and malformation of the leaves, stunted growth, reduced yield and in the end 
the plants die. 

The symptoms are most prominent during the cool weather of spring. The yellowing 
practically disappears in summer, but may sometimes return in autumn on a smaller 
scale. Slightly affected plants, therefore, may look quite normal in late summer, when 
badly affected plants as a rule can still be identified by the white streaks and distortions 
of their spring leaves and by their reduced vigour. Some authors distinguish between 
a mild form of yellows “Transient yellows”’ and a severe form ““Streak”’ (POSNETTE 
and CROPLEY, 4). 

June Yellows is generally accepted as being non-infective and genetic in origin. The 
genetically determined disposition to yellows seems to be confined to certain varieties 
and can be transmitted to their progeny. Symptoms may occur in a variety as early 
as the first true leaf of the seedling appears, or they may not occur until several years 
later. A delay of 10-30 years is not uncommon. In case of a delayed manifestation 
the majority of the plants growing at different localities will become affected at about 
the same time. 

Recovery from June Yellows has never been observed and the runner plants pro- 
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duced by affected plants are also affected. A few years after the appearance of the 
first symptoms of yellows in a variety, its cultivation becomes unprofitable or even im- 
possible, because healthy plant material is no longer obtainable in sufficient quantity. 

This development has been observed in a number of American varieties. In Europe 
the history of the Scottish variety Auchincruive Climax demonstrates clearly how a 
disposition to Yellows may remain latent in a variety for years and then suddenly 
manifest itself on a large scale, causing growers great loss. Further particulars about 
the disease are given in a recent review of Mc WaHIRTER (3). 

The summary given above, however, suffices to show that June Yellows constitutes 
a serious problem both to the breeders and the growers of strawberries. A reliable 
test method, therefore, would be of great value in the production of new varieties free 
from yellows and possibly in the control of June Yellows in the existing, susceptible 
varieties. 

The experiments reported below were undertaken with a view to studying the 
possibilities for the development of such a test method. 

To provide a starting-point for our research we have summarized the available 
information on June Yellows in the form of the following working-hypothesis: 


L. Certain strawberry varieties possess a disposition to June Yellows. It is determined 
genetically in a manner not yet clearly understood. 

2. The disposition may remain latent for some time and in this latent condition 
(“inactive yellows”) it cannot manifest itself by yellows symptoms. 

3. Sooner or later, however, the latent condition is converted into an active condition 
(“active yellows”’) in the majority of the plants at about the same time. 

4. The condition of active yellows can only manifest itself (“visible active yellows”’) 
under certain conditions (cool spring weather). If these conditions are unfavourable 
(summer season), no symptoms can be produced (“invisible active yellows’’). 


If the test method is to be effective, it should not only transform the latent dis- 
position into an active condition, but also provide the right conditions for the pro- 
duction of symptoms. 

Although in the literature on June Yellows some facts are given indicating that the 
conversion of inactive into active yellows may be influenced by the growing con- 
ditions, this part of the test cannot be developed until further information on this 
point is available. 

The prospects of producing symptoms artificially in plants with active yellows are 
more favourable. The fact that symptoms of June Yellows have only been observed 
in spring and autumn suggests that one or more climatic factors play a part here. 

In order to discover such factors we started a series of experiments in the spring of 
1954, in the expectation that the information thus obtained would enable us to produce 
symptoms artificially in plants carrying the yellows-complex in an active condition. 


MATERIAL AND METHODS 


The planning of our experiments was facilitated appreciably by information re- 
ceived from Professor Dr E. C. WASSINK on the behaviour of yellow plants of the 
variety Mme Moutot under controlled conditions. 
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In the spring of 1953 Prof. WASsINK succeeded in maintaining, for an indefinite 
time, the symptoms of June Yellows by transferring plants, which had produced the 
symptoms in the field, to an air-conditioned room in the Laboratory of Plant Physio- 
logical Research at Wageningen. In this room a constant temperature of 5 °C was 
maintained and the plants were given continuous artificial light of 5.000 lux by means 
of Philips fluorescent tubes. At a temperature of 10 °C the yellows symptoms dis- 
appeared gradually. Plants of a normal clone remained green both at 5° and 10 °C. 

Working on the above data we have in the first instance investigated if the method 
which proved so effective in maintaining visible active yellows, could also be used 
for the conversion of invisible active yellows into visible active yellows, i.e. for the 
production of symptoms in plants which seem normal in appearance. 

The experiments were carried out in air-conditioned rooms and glasshouses in the 
phytotron of our Institute. Here constant temperatures can be maintained auto- 
matically; the maximum deviation from the mean temperature is 0.5 °C in the ex- 
perimental rooms and 1.5 °C in the glasshouses. Only on exceptionally hot days rises 
the temperature in the 20° glasshouse to 25 °C in the middle of the day. In the 
experimental rooms the relative humidity of the air varies between 75% and 90%, in 
the glasshouses the air humidity is kept automatically at 70 % with a maximum 
deviation of 10 %. 

Artificial light in the experimental rooms is provided by illumination-sets consisting 
of equal numbers of Philips high-tension mercury lamps, type HO 2000, of 450 Watt 
each, and of frosted Philips incandescent bulbs of 150 Watt each. Before reaching the 
plants the light passes through a 2 cm layer of water and a glass pane of Ll cm. In this 
manner the greater part both of the ultra-violet and of the infra-red radiation is ab- 
sorbed. 

In our tests in the experimental rooms the strawberry plants received artificial light 
of-an intensity of 7000 lux, corresponding with 200 milliwatt/sq. cm for the visible 
radiation between the wave lengths of 4100 and 7200 Á. Light intensity was measured 
by a Dr Lange photometer, standard type nr. 203/11, calibrated for both lamp types 
in Luxes and in milliwatts/sq. cm. The data for the energy radiation given above were 
in close agreement with the results of thermopile measurements carried out by the 
Landbouw Physisch-Technische Dienst (Physico-Technical Service for Agriculture) 
at Wageningen. 

Plants belonging to six sub-clones of the variety Auchincruive Climax were used as 
test material in the majority of the experiments. Five sub-clones were produced in 
Holland from material imported from Great Britain several years ago. The sixth (our 
stocknumber 774) was a virus-free sub-clone obtained in 1955 from East Malling 
Research Station. In some experiments a sub-clone of the American variety Blakemore 
was also tested. 

Young runner plants were potted in 1953 and remained in a cold frame until May 
1954 when the experiments were started. 


YELLOWS PRODUCED ARTIFICIALLY 


In the first experiment plants of six Climax sub-clones were taken out of the cold 
frame on May 15, and placed in an air-conditioned room where they received continu- 
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ous artificial light at a constant temperature of 5 °C. Under these conditions the straw- 
berry plants continued to grow at a slow rate. 

Some plants of sub-clone 774 had already produced yellow leaves in the cold frame. 
During the experiment the leaves remained yellow and the new leaves formed by these 
plants also showed distinct symptoms of June Yellows. This is in full agreement with 
the findings of Professor WASSINK mentioned above. 

At first the remaining plants were quite normal in appearance. In the course of the 
experiment, however, several of them showed yellows symptoms on the young, ex- 
panding leaves. The symptoms remained also visible on the full-grown leaves, and 
plants with Transient Yellows could be easily distinguished from those with Streak. 

After ten weeks, when there was no further increase in the number of yellow plants, 
the affected plants were counted. 

The results of this experiment show clearly that under the conditions mentioned, 
symptoms of June Yellows can be produced in apparently normal plants of the Climax 
variety, or to put it in the terms of our hypothesis: in a number of test plants invisible 
active yellows was transformed into visible active yellows under the conditions of the 
experiment. The data given in Table 1 demonstrate that there is an appreciable 
variation both in the extent and in the degree of yellows obtained in the different 
sub-clones. 


TABLE 1. JUNE YELLOWS ARTIFICIALLY PRODUCED UNDER CONTINUOUS ILLUMINATION AT 5 °C 


Sub-clone Nr. 774 Nr. 876 Nr. 877 Nr. 878 Nr. 879 Nr. 880 
Total number 
of plants 15 16 14 15 14 15 
Number of 
affected plants 15 3 2 1 0 2 
Nature of the rk Transient | Transient | Transient Transient 
symptoms zh Yellows Yellows Yellows Er Yellows 


EFFECT OF VARIATION IN TEMPERATURE AND ILLUMINATION 


The object of the next experiment was to ascertain if a constant temperature and 
a continuous illumination are essential for the production of symptoms. 

To this end plants from six Climax sub-clones and from one Blakemore sub-clone 
were divided into four comparable groups. Three groups were kept at a constant 
temperature of 5 °C and illuminated for 24, 18 and 12 hours per daily cycle respective- 
ly. The fourth group was illuminated for 12 hours, but the temperature was 8.5 °C 
in the light period and 1.5 °C in the dark period. After ten weeks the plants with 
symptoms of yellows were counted in each group. 

The experimental results shown in Table 2 indicate that the number of yellow 
plants is affected neither by a shortening of the daily photoperiod nor by a fluctuation 
in the temperature around a mean of 5 °C. 
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TABLE 2. INCIDENCE OF YELLOWS AT DIFFERENT PHOTOPERIODS, BOTH AT A CONSTANT 
AND AT A MEAN TEMPERATURE OF 5 °C 


Daily period of illumination . 24 h 18 h 12 h 12 h 
Í Light period | RC SC 5e 8.5 C 
Temperature | 
| Dark period SC 5 Ce DRC ls XC 
Number of plants tested . . | 31 30 30 30 
Number of affected plants . . 5 | ) 4 5 


This is of importance in view of an application of the test on a practical scale in a 
glasshouse in winter, because the necessity for a strict maintenance of a constant 
temperature and a prolongation of the short winter day by artificial illumination 
to a 24 hour day would be a drawback then. 

Some observations have also been made on the behaviour of yellow plants at 
temperatures above 5 °C. To this end plants which had produced symptoms in the 
experimental rooms were kept in glasshouse compartments at constant temperatures 
of 10 °C, 17 °C and 20 °C respectively. At the three temperature levels the yellow 
colour of the full-grown leaves turned into green within 2-3 weeks. After a month 
the colour of the newly formed leaves was green too. At this stage the plants with 
Transient Yellows could not be distinguished from normal ones; plants with Streak 
could still be recognized by the white streaks and the distortions of the older leaves, 
and by their stunted appearance. 

At 20 °C the plants with Streak recovered quickly. After three months they had 
completely regained their vigour. That there was no actual recovery became evident 
when severe symptoms reappeared after a renewed treatment of the plants at 5 °C. 


EFFECT OF PRE-TREATMENT 


A comparison of the results from different tests revealed the existence of some kind 
of relationship between the time required for the production of the first yellows 
symptoms and the temperature conditions of the period preceding the test. This 
relationship was clearly demonstrated when the results obtained with plants which 
had received a “cold” pre-treatment were compared with those obtained with plants 
which had received a “hot” pre-treatment. 

The graph of Fig. l shows the percentage of affected plants observed at different 
times after the beginning of the test, both in a group of plants which had received a 
cold pre-treatment (cold group) and in a group of plants which had received a hot 
pre-treatment (hot group). During the pre-treatment period of 2-3 months the plants 
of the cold group had been kept either in a cold frame in early spring or in an air- 
conditioned room at 5 °C with continuous artificial light; the plants of the hot group 
had received a pre-treatment of the same duration in a glasshouse at 20 °C between 
19 May and 20 September. 

In both groups five sub-clones of the Climax variety were represented in the same 
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PERCENTAGE OF PLANTS WITH YELLOWS 


O PRE-TREATMENT "COLD" (132 PLANTS) 
A ie “ HOT" (62 PLANTS) 


70 80 90 \00 LO 120 130 140 
NUMBER OF DAYS AFTER THE BEGINNING OF THE TEST 


FIG. 1. PERCENTAGE OF AFFECTED PLANTS OBSERVED AT DIFFERENT TIMES AFTER THE BEGINNING OF 
THE TEST 


ratio. Plants were not classified as affected until they had shown symptoms on young 
leaves formed after the beginning of the test. 
When studying the graph of Figure 1. three phenomena attract our attention: 


Ll. Whereas in the cold group the first symptoms appear immediately after the 
beginning of the test, in the hot group this does not happen until after about a month. 

As in the hot group the plants usually produce one or more normal leaves before 
the first yellow leaf appears, an initial check in growth cannot be the cause of this 
delayed reaction. Possibly initiation of the symptoms occurs in a very early stage of 
development of the leaves. If this is true, in the hot group some time is required before 
the leaf primordia have developed into young leaves and symptoms are shown; in the 
cold group the symptoms are already present in the young folded leaflets and become 
visible as soon as these leaflets unfold. 

Consequently tests on plants from an environment with a high temperature should 
be continued about a month longer than those on plants from a cool environment. 

2. After the appearance of the first symptoms in both groups the percentage of 
affected plants increases at about the same rate until a certain maximum is reached. 
After this moment hardly any increase can be observed. 

These observations agree very well with the conception of our working-hypothesis. 
According to this hypothesis, a variety, after having shown the first symptoms, will 
consist partly of plants with inactive yellows and partly of plants with active yellows; 
the latter plants producing symptoms as soon as favourable conditions are provided. 
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A test, therefore, need not be continued beyond the moment at which the initial 
increase in the percentage of affected plants has come to a standstill. 

3. In the hot group the maximum percentage of affected plants is four-fifths of that 
in the cold group. 

There is a possibility that this difference is caused by a conversion of active yellows 
into inactive yellows during the hot pre-treatment and/or by the reverse process 
during the cold pre-treatment. Further experiments are needed to clear up this 
highly interesting point. 


DISCUSSION 


The experiments reported above have proved that the artificial production of June 
Yellows in the varieties Auchincruive Climax and Blakemore can be achieved by 
keeping plants at a mean temperature of 5 °C and giving them an artificial illumination 
with an intensity of 7000 Lux for 12 hours a day. They have also shown that under 
these conditions probably all plants carrying yellows in an active condition will pro- 
duce symptoms. 

We, therefore, feel justified to say that this treatment may provide a useful basis 
for the development of a practical method for the detection of plants with active 
yellows. In developing and applying such a method due attention should be paid to 
the possible effect of temperature conditions during the period preceding the test. 
Another point of importance is that in testing strawberry plants in autumn more time 
will be required, because a breaking of the condition of winter dormancy by a low 
temperature treatment must be effected before the plants can react. 

When assessing the practical value of the test method, it should be borne in mind, 
however, that by this method it will be possible to eliminate only plants with active 
yellows. It may be useful in the reduction of June Yellows, but will not be effective 
in eliminating or preventing this disorder. This can only be achieved if we succeed in 
developing a method by which conversion of inactive yellows into active yellows can 
also be effected. i 

For further research into the possibility of such artificial conversion a test method 
for active yellows is indispensable. In addition to its value in restricting the disorder 
in existing susceptible varieties, the test method proposed is of vital importance in 
developing an allround test on June Yellows. 


SUMMARY 


The symptoms of June Yellows in strawberries only appear in spring and autumn, 
and vary in extent from year to year. In order to find a test method for June Yellows 
which would make it possible to produce yellows symptoms independently of the 
weather conditions, an investigation of the climatic factors favouring the appearance 
of yellows was started. 

It proved possible to produce in apparently normal plants of the varieties Auchin- 
cruive and Blakemore symptoms of both “Transient Yellows” and “Streak” by 
growing them at 5 °C and providing artificial light of about 7000 lux for at least 
12 hours per day. 
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. 4 : Ie d 
For plants from an environment with a relatively low temperature a treatment of 


about two months proved sufficient to produce a maximum effect. For plants from an 
environment with a relatively high temperature a treatment of about three months 
was necessary to obtain a maximum reaction. 


SAMENVATTING 


Invloed van enige klimaatsfactoren op het optreden van voorjaarsbont bij aardbeien 
en de betekenis daarvan voor de ontwikkeling van een toetsmethode 


De symptomen van voorjaarsbont bij aardbeien treden uitsluitend op in het voor- 
jaar en najaar, maar in verschillende jaren in verschillende mate. Teneinde de beschik- 
king te krijgen over een toetsmethode op Voorjaarsbont, waarbij onafhankelijk van 
toevallige weersomstandigheden bontsymptomen kunstmatig geproduceerd kunnen 
worden, is een onderzoek ingesteld naar klimaatsfactoren welke het optreden van 
bont begunstigen. 

Het bleek mogelijk om bij uiterlijk normale planten van de rassen Auchincruive 
Climax en Blakemore symptomen zowel van „Transient Yellows” als van ““Streak’” 
te voorschijn te roepen door ze te plaatsen in een omgeving met een temperatuur van 
5 °C en een belichting van + 7000 lux gedurende minstens 12 uren per etmaal. Voor 
planten afkomstig uit een koude omgeving bleek een behandeling van ongeveer twee 
maanden voldoende te zijn om een maximaal effect te bereiken, bij planten uit een 
warme omgeving was voor een maximale reactie een behandeling van ongeveer drie 
maanden nodig. 
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